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(Gastropoda: Prosobranchia)
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Abstract. The classification of the Tonnoidea is discussed based on new information about deep-sea

species. Representative radulae, opercula, and larval shells are described and figured. The conclusions

agree mainly with earlier classification, with the following exceptions: Oocorythinae is moved from

Tonnidae to Cassidae and its value as a subfamily is questioned. The gross anatomies of two Recent

deep-water species of Pisanianura Rovereto, 1899, are described, and a new ranellid subfamily, Pi-

sanianurinae, is described for Pnanianura Rovereto, 1899, formerly classified in the Buccinidae. The
genera Laminilabrwn Kuroda & Habe, 1961, presently in the Trichotropidae, Kaiparanura Laws, 1944,

and Nawenia Ladd, 1977, presently in the Buccinidae, are considered synonyms oi Pisanianura, which

is known in the fossil record since the Oligocene.

A new family, Laubierinidae, is erected for Laubierina gen. nov. and Akibumia Kuroda & Habe,

1958 (formerly Trichotropidae) with three Recent deep-water species. Laubierina peregrinator gen.

et sp. nov. is described from deep water in the tropical Atlantic and Indian oceans. Two large (5 mm)
planktonic larvae belonging to the Laubierinidae are described and one of them is remarkable for being

a sexually mature male at the time of settlement. All dissected adults are females and it is speculated

that Laubierina is a protandrous hermaphrodite with neotenic males. The gross anatomies of L.

peregrinator sp. nov., A. orientalis (Schepman, 1909), and A. schepmani (Habe, 1962) are described.

Akibumia reticulata Habe, 1962, is referred to the Epitoniidae and Conradia minuta Golikov &
Starobogatov, 1986 (described in Fossaridae) is considered a larva of Neptunellinae.

Thalassocyon bonus Barnard, 1960, and T. tui Dell, 1967, are synonymized; their anatomies are briefly

described and compared with that of Ficus and it is concluded that Thalassocyon has been correctly

referred to the Ficidae. Attention is drawn to the fact that the morphology of the Ficidae conforms

poorly with other Tonnoidea.

The value and use of larval shells as taxonomical criteria are discussed, and it is concluded that they

are useful criteria, as long as clear distinction is made between "primary" {i.e., planktotrophic) and

"secondary" {i.e., non-planktotrophic) types of larval shells and only "primary" ones are compared.

AND

PHILIPPE BOUCHET

Museum National d'Histoire Naturelle,

55 Rue de BufTon, F-75005 Paris, France

During the last two decades, several French expeditions

have been exploring the bathyal and abyssal parts of the

INTRODUCTION Indo-Pacific area. During these expeditions, material of

deep-water species of the Tonnoidea has been obtained.

Such specimens are rare and each expedition has usually

brought back only one or two samples. Among them were
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some specimens that could not be classified in the normally

accepted suprageneric taxa.

During the same time, much has been added to the

knowledge of the tonnoids, mainly through the work of

Dr. Alan Beu, Geological Survey of New Zealand (see

Literature Cited), working on the recent and fossil ton-

noids. In order to give a more complete picture of the

superfamily, we have felt that it would be valuable to

review also the deep-sea groups, which otherwise, through

their deviate morphology, might easily be overlooked.

We have also studied the consequences that the new

taxa may have on existing classification by comparing them

with presently accepted groups, and we have supplemented

existing information with new data about larval shell and

radular morphology of the known groups.

We will start by giving a key to the families of Tonnoidea

partly based on Beu's (1981, 1988b) characters of the

families, supplemented by our own observations. Then we
continue with a review of the families of the Tonnoidea,

supplemented by new information and illustrations of fea-

tures used in the discussions of the new taxa. We finish

with a discussion about the larval shell of the Tonnoidea

and its value as a taxonomic criterion.

Author names and dates not found in the text are given

in the Appendix.

MATERIAL

Deep-water Tonnoidea are rare and the material studied

here has been accumulated over a period of more than 20

years. The following expeditions contributed material that

was essential to our understanding of the deep-water Ton-

noidea. "Benthedi," 1977, on R/V Suroit, in the northern

part of the Mozambique Channel, directed by B. Tho-

massin, collected the first lot of Laubierinidae, which

puzzled us for several years. "Walvis," 1981, on R/V Jean

Charcot, off southwestern Africa, directed by M. Sibuet,

collected additional wet material of Laubierinidae. "Bio-

cal," 1985, on R/V Jean Charcot, off southern New Cal-

edonia, directed by C. Levi, brought back living represen-

tatives of the genus Pisanianura. Other expeditions yielded

additional information and are cited when appropriate in

the text.

In addition, described and undescribed material from

AMS, ANSP, MOM, NMNZ, SAM, SMNH, USNM,
ZMA, and ZMC was examined. When necessary, type

material has been examined, and is referred to in the text

or accompanying figures.

The author and date for the taxa discussed are given at

appropriate places in the text, except for the species listed

in the Appendix.

ABBREVIATIONS USED

AMS, Australian Museum, Sydney; ANSP, Academy of

Natural Sciences, Philadelphia; MNHN, Museum Na-
tional d'Histoire Naturelle, Paris; MOM, Musee Ocean-

ographique, Monaco; NMNZ, National Museum of New
Zealand, Wellington; NZGS, New Zealand Geological

Survey, Lower Hutt; NZOI, New Zealand Oceanographic

Institute; SAM, South African Museum, Cape Town;
SMNH, Naturhistoriska Riksmuseet, Stockholm; USNM,
U.S. National Museum of Natural History, Washington,

D.C.; ZMA, Zoologisch Museum, Amsterdam; ZMC,
Zoologisk Museum, K0benhavn.

SYSTEMATICS

Superfamily Tonnoidea Suter, 1913

The superfamily Tonnoidea has been defined by Thiele

(1929) and Boss (1982). The only change in the criteria

of this taxon that our investigations have necessitated is

that the osphradium, which has been supposed to be bi-

pectinate in all species, is monopectinate in the Laubi-

erinidae. If future work shows that the Ficidae does not

belong to the Tonnoidea (c/. p. 83), it should also be

added that all Tonnoidea have large, complex salivary

glands (small and simple in Ficidae).

Morphology of the Tonnoid Veliger

Veliger larvae belonging to species of Tonnoidea have

been known since the mid- 19th century oceanographic

expeditions (FoRBES, 1852; H. & A. Adams, 1853-1858),

and these large larvae were then frequently described as

distinct holoplanktonic species. The following generic names

were thus based on tonnoid larvae: Macgillwraya Forbes,

1852, larva of Tonna Briinnich, 1772; Calcarella Souleyet,

1850, probably larva of Dulorsio Roding, 1798; Gemella

H. & A. Adams, 1858, a cassid; Talisman de Folin, 1884,

a bursid larva; and Dissentoma Pilsbry, 1945 (see PiLSBRY,

1949) and Ethella H. & A. Adams, 1858, neptunelline

larvae. Empty larval shells in sediments were (and still

occasionally are) given specific names before being rec-

ognized as larval shells.

Cazenavette (1853) briefly and FiSCHER (1863) in

more detail described the young of Tonna and identified

it with Macgilliuraya. Several authors {e.g., Kesteven,

1901, 1902; Clench & Turner, 1957) then figured the

larval shells of tonnoids, based on young benthic stages

with preserved apical whorls. Pelseneer (1906) briefly

described two ranellid larvae from the Bay of Biscay (as

Coralliophila sp. A and B). SiMROTH (1911) described Cal-

carella in some detail, but did not see the connection with

the adult stage. Finally, SCHELTEMA (1971, 1972) and

Laursen (1981) on a larger scale identified and figured

planktonic larvae by comparison with benthic stages.

SCHELTEMA (1966) introduced the term "teleplanic" to

characterize the long-lived veligers of Neptunellinae and

demonstrated that trans-Atlantic dispersal could take place

during their planktonic life. Pechenik et al. (1984) have

shown that planktonic larvae of Cymatiuin parthenopeum

(von Sails, 1793) do not grow during their dispersal across

the North Atlantic via the North Atlantic drift, but remain
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competent for metamorphosis during periods extending

over 300 days. This growth stasis and ability to delay

metamorphosis explains the more or less circumtropical

distribution for many species of Tonnoidea. (It does not

explain, however, why many of them are absent in the

tropical eastern Pacific, and most species despite having

teleplanic larvae are not cosmopolitan.)

We have examined numerous species of Tonnoidea in

order to find out to what extent and with what precision

larval shells can be identified, because these frequently are

encountered in samples of plankton and benthos, and also

in order to find out if the larval shells give any clues about

the systematic relations of the species. We have then sup-

plemented comparison of larval shells from planktonic or

benthic catches and young specimens with examination of

opercula and radulae, which contain important informa-

tion. Under each family we figure representative species,

with operculum and radula.

A sculpture of thin axial and spiral cords that meet at

right angles and are clearly set off from the smooth surface

is present on protoconch II of at least some species in most

families of Tonnoidea (Figures 79, 90, 92-96, 102-109,

110-113). This type of larval shell is here considered to

indicate planktotrophic development. We are not convinced

that certain other larval shells with reticulate sculpture

built up by axial and spiral ribs, but lacking the smooth

surface {e.g., Beu, 1988b:fig. IB), indicate planktotrophic

development.

Key to the Recent Families and

Subfamilies of Tonnoidea

A. Osphradium monopectinate, shell about as broad

as high and without well-defined siphonal canal

Laubierinidae

A. Osphradium bipectinate, distinct siphonal canal

present B
B. Operculum absent or reduced in adult C
B. Operculum well developed D
C. Siphonal notch present, larval shell corneous; if

calcified, disjunctly coiled Tonnidae

C. Siphonal canal formed by the drawn out aperture;

larval shell calcified, not disjunctly coiled . . Ficidae

D. Aperture with a well-developed posterior siphonal

canal, jaws reduced; incremental scars aligned

along both sides of shell, separated by 180°
. .

Bursidae

D. Aperture without distinct posterior canal, jaws large

E
E. Shell globular or triangular with short siphonal

canal Cassidae

E. Shell fusiform or bucciniform, often with long ca-

nal F
F. Parietal shield strongly developed; proboscis very

long, strongly coiled when retracted; posterior

edge of central radular tooth evenly curved

Personidae

F. Parietal shield not strongly developed; proboscis

straight when retracted; posterior edge of central

radular tooth straight G (Ranellidae)

G. Shell with regularly appearing varices H
G. Shell without varices Pisanianurinae

H. Varices separated about 240° Neptunellinae

H. Varices separated about 180° Ranellinae

Family Ranellidae Gray, 1854

(Figures 25-40, 52-55, 67-70, 85-95,

97-104, 123-127, 142-145, 153, 154)

Beu (1985) and Beu & Cernohorsky (1986) have pointed

out the nomenclatorial reasons for using the name Ra-

nellidae instead of the well-established and almost uni-

versally used name Cymatiidae, and Personinae instead of

Distorsioninae. However, they have continued using Cy-

matiinae Iredale, 1913, as the name of the subfamily,

referring to ICZN Article 40b. Because the Commission

evidently refuses to consider invalidating the name Ra-

nellidae, we can see no possibility to avoid using the name

Neptunellinae introduced by Gray (1854) at the same

occasion as the Ranellidae. It is based on the generic name

Neptunella Gray, 1854 (defined by citation of the name

''[Murex] cutaceurn" (Linne, 1758)) and is an objective

junior synonym of Cabestana Roding, 1798. This is a re-

grettable consequence of the strict application of the Code.

Beu (1988b) convincingly separated the Personidae as

a distinct family, present already in the Upper Cretaceous,

and distinguished two subfamilies of Ranellidae:

Neptunellinae (=Cymatiinae), with a central radular tooth

that is distinctly wider than high and is equipped with

several lateral denticles; a periostracum with dense axial

blades and varices separated by % of a whorl.

Ranellinae, with a central radular tooth equipped with a

few lateral denticles and about as high as broad; a peri-

Explanation

Radulae of Ficidae and Bursidae.

Figures 1 and 2. Thalassocyon bonus (New Zealand, NMNZ).
Scale lines 25 and 10 fxm.

Figures 3 and 4. Ficus sp. (Seychelles, MNHN). Scale Hnes 100

and 25 fim.

of Figures 1 to 8

Figures 5 and 6. Bursa sp. (Gilbert Id., SMNH). Scale lines 100

and 25 iim.

Figures 7 and 8. Bufonana marginata (Canaries, SMNH). Scale

lines 100 and 25 tira.
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ostracum without dense axial blades and varices aligned

up the sides of the spire, i.e., separated by 180°.

We will here add one additional subfamily, based on

tht genus Pisamanura Rovereto, 1899, previously classified

in the Buccinidae. However, first we will give some back-

ground information about the protoconch of the Ranelli-

dae.

The Ranellid Larval Shell

There is considerable variation in the morphology and

development of the larval shell of this family. It is therefore

outlined for the different subfamilies, and for species with

planktotrophic development.

PiLKlNGTON (1974) described the early young o[ Sassia

{Cymatona) kampyla (Watson, 1885) (Neptunellinae),

which belongs to the oldest genus of Tonnoidea, dating

back to the Late Cretaceous (Turonian, Beu 1988b). The
planktonic stage of this species was mentioned by Dell
(1956). In several papers Beu has later figured and de-

scribed larval shells of many species of Sassia, which diflfer

from other species of Neptunellinae in being calcareous,

globular and often equipped with cancellate sculpture.

The morphology and biology of larvae belonging to Cy-

matium and Charoma (Neptunellinae) have been described

by SCHELTEMA (1971), Laursen (1981), RiCHTER (1984),

and Pechenik et al. (1984). Characteristic for these is that

they are only partly, or not at all, calcified, and have a

fairly tall spire, usually considerably higher than the ap-

erture (Figures 97-104). The larval operculum has a char-

acteristic shape, very slender, with a semicircular external

and depressed bell-shaped inner margin (Figure 70). As

in the Tonnidae the larval shell is, after settlement, filled

by calcareous deposits, so that after destruction of the peri-

ostracum only a disjunctly coiled, internal mould remains.

This internal mould shows the original sculpture also in

species that resorb primarily deposited calcium carbonate

(Figures 103, 104).

In species of Sassia (Neptunellinae)

—

e.g., S. remensa

(Iredale, 1936), S. parkinsoma (Perry, 1811), and Sassia

raulini (Cossmann & Peyrot, 1923) (Figure 90)—there is

no interspace between the whorls of the protoconch II,

even after treatment with bleach to remove remains of the

periostracum. This can only be interpreted in one way,

VIZ. that already the planktonic larva forms a calcareous

shell, covered only externally by a periostracum.

We consider the sculpture of species of Cymatium, on

the inside of the periostracum of the apical whorl (Figure

104) and on the remaining internal mould (Figure 103),

of great interest and indicating that these species originate

from species with a reticulate larval sculpture of the same

type as in, e.g., Sassia.

The osphradium of the larva is usually bipectinate in

species of Cymatium , but in one species we found a mono-

pectinate osphradium (shell: see Figure 98).

The larvae of the Ranellinae are less well known, but

PiLKINGTON (1974, 1976) described the hatching young of

Aigobuccinum pustulosum (Lightfoot, 1786), Fusitriton ma-

gellanicus, and Kesteven (1901, 1902), Iredale (1936),

and Beu (1978a, b, 1988b) figured several protoconchs

from juvenile specimens. To expand on this, we have ex-

amined some late larvae and early post-larvae. A specimen

of Ranella australasia taken in surface plankton off south-

eastern Australia has a larval shell that shows only traces

of an internal calcareous coating, which certainly is of no

supporting function (Figure 89). The shell is perfectly

smooth and unexpectedly solid, considering that it consists

only of periostracum. Immediately after settlement the

young starts to form an internal calcareous coating, and

later a shell. When the post-larval growth continues, the

periostracum starts to disintegrate and finally a perfectly

smooth, calcareous, internal mould of the larval shell re-

mains (as in Figures 86, 87), following the same pattern

as in Cymatium and Charoma. We have examined young

benthic stages of Fusitriton magellanicus (Figure 85), Ra-

nella olearia (Figure 87), and Argobuccinum pustulosum

tumidum (Figure 86) that have larval shells conforming

with this developmental model. Usually one can see a

distinct interspace between the whorls, where once there

was periostracum (Figure 87).

The larval shell of the Pisanianurinae is characteristic

in its large size (2.5-3.5 mm high), usually brown color,

and globular shape without a distinct siphonal canal and

especially in the perfectly reticulated sculpture with large

smooth squares between raised axial and spiral ribs that

meet at close to right angles (Figures 90, 96). It resembles

that of the Laubierinidae (Figures 105, 106), but they

have a still larger and proportionally broader larval shell

(5-6 mm high) with an expanded aperture and a more

regular spiral arrangement of the minute tubercles on pro-

toconch I (c/. Figures 108 and 142).

Most competent ranellid larvae have a radula similar

Explanation of

Radulae of Tonnidae and Cassidae.

Figures 9 and 10. Tonna, larva (off SE South Africa, SMNH).
Scale lines 50 ix,m.

Figure 1 1. Eudolium crosseanum (the Azores, MNHN). Scale line

50 ixm.

Figures 9 to 16

Figure 12. Tonna sp. (Madagascar, SMNH). Scale line 50 fim.

Figures 13 and 14. Tonna allium (Sumatra, SMNH). Scale lines

250 fim.

Figures 15 and 16. Oocorys sulcata (off S Portugal, MNHN).
(For detail of marginal teeth, see Figure 24.) Scale lines 50 ^m.



Page 62 The Veliger, Vol. 33, No. 1



A. Waren & P. Bouchet, 1990 Page 63

to adults of the species (Figures 30, 34, 36-38, 41, 42),

but Pelseneer (1906:pl. 10, figs. 1-4) reported a species

missing the radula and we noticed the same in a larva with

a similar shell.

Subfamily Pisanianurinae Waren & Bouchet,

subfam. nov.

Diagnosis: Tonnoidea with a medium-sized Buccinum-

like shell lacking varices, with poorly developed siphonal

canal. Columella curved, contributing to giving the aper-

ture a more rounded appearance. Operculum with cor-

roded apical nucleus. Proboscis very short, broad, and mus-

cular. Osphradium bipectinate with left row of leaflets less

developed than inner ones.

Pisanianura Rovereto, 1899, has always been regarded

as a buccinid genus, although FiSCHER (1883) and LoCARD
(1897) evidently had some doubts about it and compared

P. grimaldii with Oocorys. We have had access to a few

specimens preserved with soft parts and the anatomy (pre-

sented below) does not conform with a position in the

Neogastropoda. The salivary glands have the typical struc-

ture that occurs only in Tonnoidea, and there is no devia-

tion in other anatomical features from what is known in

that superfamily. Therefore, we conclude that Pisanianura

should be transferred to the Tonnoidea.

The shell morphology agrees well with the Ranellidae,

except that it lacks varices {i.e., it does not have periodical

growth) and that the columella has a peculiar, curved

shape. The anatomy is less useful for assigning Pisanianura

to family because anatomical features, as far as they are

known, are quite uniform throughout the superfamily and

the differences so subtle and incompletely known that a

detailed analysis can hardly be undertaken presently.

It is, however, obvious that the families are based on

anatomical or shell morphological specializations, and be-

cause we are not suggesting anything better, we do not

want to disturb this order. Therefore, we can exclude a

position in the following families:

1. Ficidae. Salivary glands simple; proboscis pleurem-

bolic, long and slender; buccal mass small and without

large retractors.

2. Tonnidae. Foot large, operculum missing in adult;

distal part of proboscis suckerlike; jaw with a strong hook;

shell globular and inflated.

3. Bursidae. Jaws reduced or absent. Varices present.

Posterior canal strongly developed.

4. Personidae. Proboscis very long and slender, coiled

when retracted. Varices present.

5. Cassidae. Central radular tooth broad and low. Shell

globular with short canal.

6. Laubierinidae . Osphradium monopectinate. Shell

with poorly developed siphonal canal.

The Ranellidae on the other hand consists of species

with obviously less specialized or modified morphology and

we can see no reason against a position therein. (This may
give reason to suspect that the classification is based on

grades rather than clades, with the Ranellidae to some

extent constituting a less modified stock. This may be true,

but this classification is practical and in the absence of

detailed anatomical information that gives a better reso-

lution, we prefer to keep it.)

The assignment of Pisanianura to subfamily offers more
problems. In the Neptunellinae the proboscis is retracted

by numerous small muscles attached to the sheath

(HOUBRICK & Fretter, 1969), whereas in Pisanianura

there are two major muscles attached to the buccal mass

and additional muscles are inconspicuous. Another differ-

ence from the Neptunellinae is the relative size of the

buccal mass, which in the Neptunellinae is small in re-

lation to the proboscis sheath, whereas in Pisanianura it is

large (for drawings of this see, e.g.: Panceri, 1869; Hal-
ler, 1893; Simroth, 1896-1907; Amadrut, 1898;

HouBRiCK & Fretter, 1969).

It is difficult to compare anatomically Pisanianura with

the Ranellinae because few species of that group have been

described anatomically (Haller, 1893), but it seems that

the species of Ranellinae closely resemble the Neptunel-

linae. Also the shell morphology contradicts a position in

the Ranellinae. Beu (pers. comm.) considers this a uniform,

monophyletic taxon, characterized by the neat alignment

of the varices along the sides, separated by 180°.

We, therefore, supported by Beu (pers. comm.), consider

Pisanianura a monophyletic group distinct from the Nep-

tunellinae and Ranellinae, and erect a new subfamily for

Pisanianura, the Pisanianurinae, in the Ranellidae.

Explanation of

Radulae of Cassidae.

Figures 17, 18, and 22. Galeodea echinophora (Mediterranean,

SMNH). Scale lines 100, 50, and 50 ^m.

Figures 19 and 20. Semicassis granulatum (Mediterranean,

SMNH). Scale lines 500 and 100 ^m.

Figure 21. Semicassis saburon (West Africa, MNHN). Scale line

100 tim.

'igures 17 to 24

Figure 23. Cypraecassis testiculus, larva from plankton (Dana sta.

1286). Scale line 10 fim.

Figure 24. Oocorys sulcata, marginal teeth (off S Portugal,

MNHN). (For a figure of the whole radula, see Figure 15.)

Scale line 100 iim.
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It is also possible that the Pisanianurinae should be

considered a distinct family in the Tonnoidea, because it

(1) lacks varices, which evidently is a primitive character

in the group and (2) has the left row of leafliets in the

osphradium less developed (equal size in all other tonnoids

except the Laubierinidae). This view is supported by Beu

(pers. comm.)-

The subfamily Anochetinae Cossmann, 1901, was erect-

ed with Pisamanura as "type genus" (in the Buccinidae),

but it is not based on a generic name and therefore has no

nomenclatural status.

Pisanianura Rovereto, 1899

Anura Bellardi, 1873:201 (not Anura Hodgson, 1841). Type
species: Murex inflatus Brocchi, 1814, subsequent des-

ignation CosSM.\NN (1901:178).

Pisanianura RovERETO, 1899:104. new name for Anura Bel-

lardi, 1873 (preoccupied several times).

New synonyms:

Kaiparanura Laws, 1944:309. Type species by original des-

ignation: Phos spiralis Marshall, 1918, Miocene, New
Zealand (Figures 142-145).

Laminilabrum Kuroda & Habe in Habe, 1961, app.:13. Type
species by original designation: L. breviaxe Kuroda &
Habe, 1961, Recent, deep water, Japan.

Nawenia Ladd, 1977:51. Type species by original desig-

nation: A"", barlholomewi Ladd, 1977, Pliocene, west Pa-

cific.

Remarks: Laminilab?-um was described in the Trichotro-

pidae, Kaiparanura in the Cominellidae (=Buccinidae),

and Nawenia in the Buccinidae. These positions have not

been questioned since. The soft parts of Pisanianura and

Laminilabrum (described after the species, below) do not

indicate differences other than of specific rank. The shells

of all four genera have in common a multispiral protoconch

with a large-meshed reticulate sculpture, a teleoconch

without varices, and a stongly curved columella. They
differ mainly in the degree of axial sculpture on the te-

leoconch, with Laminilabrum having no axial sculpture,

Naivenia axial sculpture on the first two whorls, and Pi-

sanianura and Kaiparanura on all the whorls. We regard

these differences as of specific rank, and consequently treat

the generic names as synonyms.

The type species of Pisanianura is a Pliocene fossil from

northern Italy. Brocchi's type material has been figured

by Rossi Ronchetti (1955:201) and Pinna & Spezia

(1978:pl. 34, fig. 3) and we have examined Pliocene ma-

terial from Pradalbino, Bologna, Italy, kindly sent on loan

by Mr. Delia Bella (Figures 93, 125). The larval shell is

multispiral with cancellate sculpture (Figure 93) and the

teleoconch differs from the recent P. gnmaldii mainly in

the presence of a peripheral keel.

Beside the type species, Bellardi ( 1 873) included Fusus

borsoni (Gene in Bellardi & Michelotti, 1840) in Anura

and described A. ovata, A. striata, A. craverii, A. pusilla, and

A. sublaevis from the Italian Miocene and Pliocene. We
have not examined these species, some of which recently

have been figured by Ferrero Mortara et al. (1981:pl.

7). Judging from the figures it seems certain that the Mio-
cene A. craverii belongs to Pisanianura; the status of the

other species is more doubtful.

The genus is furthermore represented in the European

Tertiary deposits by Pisanianura aturensis Peyrot, 1927,

and P. benoisti Peyrot, 1927, from the Oligocene and Mio-
cene of southwestern France respectively. {P. degrangei

Peyrot, 1927, is probably a young cerithid related to Gour-

mya Fischer, 1884 [Cerithidae]; P. Lozouet, pers. comm.)

The type species of Kaiparanura is a Lower Miocene

fossil from New Zealand; the teleoconch has a sculpture

of coarse axial ribs. Laws ( 1 944) introduced this new genus

because he had been misled by Cossmann's (1901) de-

scription of the protoconch of Pisanianura inflata, which

erroneously had been described as sculptured with weak

spiral threads and with a smooth and depressed nucleus.

This synonym was pointed out to us by Dr. A. Beu.

Finally, the type species of Nawenia is a Pliocene fossil

from Fiji, similar to Pisanianura breviaxe but differing in

having stronger axial sculpture on the first two teleoconch

whorls.

Pisanianura is thus known from at least two Paleogene

and two Neogene North Atlantic species, two Neogene

South Pacific species, and two Recent (sub)tropical deep-

water species. The taxonomy and distribution of the Recent

species only are here treated in detail.

Pisamanura grimaldii (Dautzenberg, 1889)

(Figures 25, 26, 55, 68, 94, 95, 126, 127)

Hmdsia grimaldu Dautzenberg, 1889:33, pi. 2, fig. 4.

Anura clathrata DAUTZENBERG & FISCHER, 1906:25, pi. 3,

figs. 6-8. (New synonym.)

Explanation of

Radulae of Ranellidae.

Figures 25 and 26. Pisamanura grimaldii (New Caledonia,

MNHN). Scale lines 50 ^m.

Figure 27. Pisanianura breviaxe (New Caledonia, MNHN). Scale

line 50 ^m\.

Figure 28- Sassia kampyla, very young (New Zealand, NMNZ
9196). Scale line 25 nm.

igures 25 to 32

Figure 29. Sassia parkmsonia (New South Wales, AMS C 50074).

Scale line 50 /im.

Figure 30. Ranella australasia, planktonic larva (New South Wales,

AMS C 147218). Scale line 25 ^m.

Figures 31 and 32. Ranella olearia (the Azores, MNHN). Scale

lines 200 and 100 ^m.
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Type material: Hindsia grimaldii, holotype in MOM; An-

ura clathrata, lectotype here selected, the specimen figured

by Dautzenberg & Fischer (figs. 6, 8), in MOM.

Type localities: Hindsia grnnaldu, Monaco Expeditions

sta. 112, 38°39'N, 28°06'W, 1287 m (Azores); Anura clath-

rata, Monaco Expeditions sta. 719, 39°11'N, 29°06'W,

1600 m (Azores).

Material examined: The type material and: Talisman

Expedition 1883, dragage 72, 25°39'N, 15°38'W, 882 m
(off S Morocco), 1 shell (LOCARD, 1897:323), MNHN;
Monaco Expeditions sta. 1116, 3r43'N, 10°47'W, 2165

m (off Morocco), 1 shell, MOM; Monaco Expeditions sta.

1236, 32°43'N, 17°03'W, 1500 m (S of Madeira), 1 shell,

MOM; R/V Vauban sta. CH22, 12°27'S, 40°10'E, 680-

700 m (off N Mozambique), coll. A. Crosnier, 1 specimen,

MNHN; Biocal sta. DW51, 23°05'S, 167°45'E, 680-700

m (S New Caledonia), 2 specimens, MNHN.

Distribution: Only known from the material examined,

northeastern Atlantic, southwestern Indian Ocean, and

southwestern Pacific, in 700-2200 m.

Remarks: Despite the considerable geographical distri-

bution, Pisanianura gnmaldii shows little morphological

variation, and we have no indication that the specimens

from the northeastern Atlantic and the Indo-Pacific areas

are not conspecific. Such a wide distribution seems to be

well documented among the Tonnoidea (Dell & Dance,

1963; ScHELTEMA, 1971, 1972; ScHELTEMA & Williams,

1983).

Dautzenberg & Fischer (1906) enumerated several

differences between Pisanianura grimaldii and P. clathrata,

but direct comparison of the types proved them to be much
smaller than appears from the text.

Pisanianura breviaxe (Kuroda & Habe, 1961)

(Figures 27, 123, 124, 153, 154)

Laminilabrum breviaxe Kuroda & Habe in Habe, 1961:36,

app.:13, pi. 15, fig. 24 (Japanese edition); 1964:55, pi.

15, fig. 24 (English edition).

Type material: Lectotype, here selected, the shell figured

in references above. National Science Museum, Tokyo,

Reg. No. 38611.

Type locality: Tosa Bay, Shikoku, Japan, 150-200 m.

Material examined: The lectotype; 1 paralectotype from

Tosa Bay, USNM 658749; Biocal sta. DW36, 23°09'S,

167°11'E, 650-680 m, 1 specimen, MNHN; Biocal sta.

CP52, 23°06'S, 167°47'E, 540-600 m (S New Caledonia),

1 specimen, MNHN; Fukura, Awaji, Japan, 1 shell,

USNM 607197; Tosa Bay, Japan, 1 shell, USNM 617812;

North of New Zealand, 28°39.5'S, 173°01'E, 837 m, 1

shell, A. Beu, NZGS (46 mm high).

Remarks: One of the New Caledonian specimens was

found on a stem of a stalked crinoid, but no scar was visible

and the animal fell off when preserved, which probably

means that the association was fortuitous. There were no

crinoid remains in the stomach of the dissected specimens.

Anatomy of Pisanianura (Figures 153, 154)

We have investigated the soft parts of the two recent

species Pisanianura grimaldii and P. breviaxe. They are

quite similar anatomically and we do not question that

they belong to the same genus. The description below is

based on P. breviaxe; differences from P. grimaldii are

pointed out.

Most of the visceral mass was poorly preserved and not

suitable for dissection. The foot is rather small and fleshy,

with a conspicuous propodium, no median furrow on the

ventral side, and no epipodial tentacles or flaps. The sides

of the foot are strongly wrinkled close to the sole, with a

constriction or furrow demarcating the smoother area above

this furrow.

Operculum. See Figure 68.

The head is large and broad with two conical, blunt

tentacles and large black eyes situated in lateral, basal

bulges. There is no snout, only a thin membrane between

the tentacles, over the proboscis opening. The presence of

a penis is not known, because only females were examined.

The pallial cavity is rather deep, ca. 0.4 whorls, and

spacious. The pallial edge is finely "crenulated," thick and

muscular with a well-developed siphonal fold. A row of

Explanation of

Radulae of Ranellidae.

Figure 33. Cymalium muncinum (Hawaii, SMNH). Scale line

50 jum.

Figure 34. Cymatium sp., larva (Dana sta. 3940:Ib). Scale line

10 Aim.

Figure 35. Cabeslana culacea (Mediterranean, SMNH). Scale

line 50 ixm.

Figure 36. Cymatium sp., larva (Dana sta. 1253). Scale line 10

/xm.

igures 33 to 40

Figure 37, Charoma sp., larva (Dana sta. 1247). Scale line 10

jum.

Figure 38. Cymatium sp., larva (Dana sta. 3940:Ib). Scale line

10 Aim.

Figures 39 and 40. Charoma lampas (SW Spain, SMNH). Scale

lines 250 ixm.
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about 12 small papillae, parallel to the pallial edge, is

present just in front of the gill. The osphradium is bipec-

tinate, with the left lamellae half as long as the inner ones,

and is situated along the central half of the gill. Its surface

area corresponds to '/4 of that of the gill. No fine details

were discernible because of poor preservation and a cover

of tough mucus. The gill consists of 60-80 tongue-shaped

leaflets, about 4 times as high as broad, and occupies the

whole distance from the bottom of the pallial cavity to just

to the right of the siphon. The hypobranchial gland is well

developed and forms large quantities of mucus when placed

in water (at least in preserved specimens).

The pallial oviduct is sausage-shaped, 2.5 times as long

as broad, with a simple lumen. It is closed and opens

through a pore '/^ of its length from the distal end. There

are six simple sac-shaped receptacula seminis situated dor-

sally along the posterior part of the oviduct, joining to a

common duct leading towards the ventral, posterior part

of the oviduct.

The rectum is almost hidden in the wall of the oviduct

and opens just in front of the oviduct.

The proboscis sheath is broad, short, and thin-walled.

The buccal mass is cylindrical, about twice as long as

broad, connected to the anterior part of the proboscis sheath

by a system of numerous thin retractor muscles. Two large

retractor muscles attach to the posterior, ventral part of

the buccal mass, pass through the nerve ring and attach

in the floor of the cephalo-pedal haemocoel. The salivary

glands are large, of normal tonnoid type (which was de-

scribed in more detail by Day, 1969), with a smaller, solid-

looking part close to the thick ducts, which pass through

the nerve ring, follow the laterodorsal sides of the buccal

mass and become narrow before opening into the buccal

cavity. The openings were not found. The prismatic jaws

(Figure 55) are roughly semicircular and situated well in

front of the radula.

Radula. Central tooth with a large median cusp and 5

or 6 smaller lateral denticles on each side. Lateral tooth

thin, with a major cusp, two inner denticles, and external

serrations. Marginals undifferentiated, simple, claw-

shaped. Figures 25-27.

The nervous system is highly concentrated; the pleural

ganglia are indiscernibly fused to the cerebral ones, which

are short, broad, flat, and united by a short and broad

commissure. The pedal connectives are long and slender,

about 1.5 times the width of the two cerebral ganglia

together. The pedal commissure is short. The suboesoph-

ageal-pleural connective leaves the ventral side of the cere-

bro-pleural ganglion and runs along the floor of the body

cavity to the suboesophageal ganglion, which is situated

ventrally to the right cerebro-pleural ganglion, in the floor

of the body cavity. A large nerve from the suboesophageal

ganglion forms a zygoneury. The supraoesophageal gan-

glion is situated in a median position, between the two

salivary glands; a zygoneury to the left cerebro-pleural

ganglion was not verified.

Faecal pellets from the rectum contain sand, detritus,

sponge spicules, remains of crustaceans, and calcareous

particles or needles.

Pisanianura gnmaldu differs mainly in having a more

thin-walled proboscis sheath and a short, roughly globular

buccal mass, a difference that, however, may be the result

of contraction. Another diff^erence is that the gill leaflets

of P. gnmaldii are semicircular instead of tongue-shaped.

Family Laubierinidae Waren & Bouchet, fam. nov.

(Figures 41-48, 56, 57, 71, 72, 96, 105-109,

128-131, 136-141, 155-162)

Diagnosis: Tonnoidea with a low-spired, fragile shell with

poorly developed siphonal canal. Osphradium monopec-

tinate, very large in the larva, of normal size in the adult.

Proboscis short with large buccal mass.

Remarks: This new family is erected for the new genus

Laubierina, and for a few species belonging to the genus

Akibumia Kuroda & Habe, 1959, which previously have

been classified (on the basis of shell and radula only) in

the Trichotropidae. They differ from all other known Ton-

noidea in having a fragile, more or less globular or weakly

biconic, depressed shell with an indistinct siphonal canal,

and in having a monopectinate osphradium (bipectinate

in other adult Tonnoidea).

The shell provides little information about the relations

of the Laubierinidae to other tonnoid families; unless

typical salivary glands had been present, we should have

been hesitant to include the Laubierinidae here. The rad-

ula, however, is similar to that of Sassia and Pisanianura

in the Ranellidae. This is especially the case with the

supporting ridge on the lateral tooth, which abuts the tooth

in front, and the deeply excavated anterior base of the

central tooth, which is equipped with basal denticles.

Explanation of

Radulae of Laubierinidae.

Figures 41 and 42. Laubierina sp., recently metamorphosed
young, (Mozambique Channel, MNHN). Scale lines 100 and

50 iim.

Figures 43 and 44. Laubierina peregrinator (Mozambique
Channel, MNHN). Scale lines 100 nm.

'igures 41 to 48

Figure 45. Akihumia onenlalis (Japan, USNM). Scale line 100

lira.

Figure 46. Akibumia orientalis (New South Wales, AMS). Scale

line 100 ^.m.

Figures 47 and 48. Akibumia schepmam (Queensland, AMS).
Scale lines 100 and 50 |im.
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The fact that the osphradium deviates from all other

adult tonnoids in being monopectinate may be connected

with the morphological or functional causes that have led

to its hypertrophy in the larva (see "laubierinid larva sp.

1," page 79). This hypertrophy is caused by some bio-

logical trait during the larval or early post-larval life,

because adult and half-grown specimens have an osphra-

dium of normal size, although it is also here monopectinate.

This may result from the late larva or early post-larva

needing to use the osphradium for localization or recog-

nition of females (see discussion, page 81) or for finding

a rare or restricted habitat for settlement.

There may be further anatomical criteria beside those

of the osphradium, but the knowledge of variation among
other Tonnoidea is not detailed enough to allow further

comparisons. One difference, however, is that no sexually

mature specimens of Tonnoidea without post-larval growth

are known, despite numerous late larvae having been in-

vestigated (SiMROTH, 1911; and own examinations of Ton-

na spp.. Bursa sp., Semicassis sp., Cymatium spp., Sassia

sp., Ranella australasia, and Argobuccinum pustulosum tum-

idum (Dunker, 1862)).

Laubierina Waren & Bouchet, gen. nov.

Type species: Laubierina peregrinator Waren & Bou-

chet, sp. nov.

Diagnosis: Larval shell large, multispiral, with strong re-

ticulate sculpture and expanded outer lip formed soon

before metamorphosis. Teleoconch fragile, biconic, low-

spired with short, shallow siphonal canal. Periphery with

strong keel; weaker spiral cords and dense sharp incre-

mental lines below and above keel.

Remarks: A search of the literature and museum collec-

tions has failed to reveal any described species even re-

motely similar to Laubierina peregrinator

.

The genus is named after Dr. L. Laubier (IFREMER,
Paris), to whom we owe great thanks for his support oi

our work on deep-sea mollusks.

Laubierina peregrinator Waren & Bouchet,

sp. nov.

(Figures 43, 44, 128, 129, 159-161)

Type material: Holotype in MNHN.

Type locality: Walvis sta. 13, 32°18'S, 13°16'E, 3550 m,

off SW Africa.

Material examined: The holotype and: Benthedi sta.

CHI 3, 12°13'S, 46°40'E, 2300-2500 m (Mozambique
Channel), 2 specimens, MNHN.

Distribution: Known only from the material listed, the

southeastern Atlantic, and southwestern Indian oceans,

between 2300 and 3550 m.

Description: Shell thin, fragile, strongly depressed, some-

what angular. Larval shell and first teleoconch whorls

dissolved or damaged in holotype. In other specimens, lar-

val shell of 3.5 brown, convex whorls with symmetrically

reticulate sculpture of axial and spiral ribs of about same

strength. Axial ribs straight on the uppermost whorls,

becoming somewhat flexuous and prosocline on last two

whorls. Four spiral ribs visible above suture in middle

whorls, of which lower one partially concealed by last

whorl. Total height of larval shell 5.5 mm, of which 3.6

mm visible above suture. Teleoconch with strong keel,

situated just above suture and giving impression of strongly

channelled suture. Whorls slightly convex above and below

keel. Sculpture of sharp, regular incremental lines and

stronger spiral ridges, 8 on first teleoconch whorl and 12

on last whorl, above keel; on body whorl below keel, ca.

20 ridges. Outer lip thin, regularly convex. Inner lip a

thin parietal callus, forming narrow umbilicus. Siphonal

canal short and open. Shell white, thin, covered by brown-

ish beige periostracum with numerous axial lamellae par-

allel to growth lines.

Dimensions. Height of holotype 18.8 mm, diameter 19.5

mm, height of aperture 14.5 mm, breadth 11 mm.

Remarks: No gastropod known to us can be confused with

Laubierina peregrinator except perhaps a young Modulus

Gray, 1842 (Modulidae, Cerithioidea), but the species of

that genus have a much more solid, strongly sculptured

shell, and a columellar denticle.

The name peregrinator means migrant, alluding to a

supposed long planktonic life.

In addition to the type species we have examined several

young specimens and larval shells that we consider to

belong to Laubierina, but they are too young to be deter-

mined accurately at the specific level.

Explanation of Figures 49 to 57

Jaws of Tonnoidea. Scale lines 250 ^m. Figure 54. Cabestana cutacea (Sicily, SMNH).
Figure 49. Tonna allium (Sumatra, SMNH). Figure 55. Pisanianura grimaldii (New Caledonia, MNHN).
Figure 50. Oocorys sulcata (off Portugal, MNHN). Figure 56. Laubierina sp., recently metamophosed benthic stage

Figure 51. Galeodea echinophora (Mediterranean, SMNH). (Mozambique Channel, MNHN).

Figure 52. Argobuccinum pustulosum (New Zealand, NMNZ). Figure 57. Akibumia onentalis (New South Wales, AMS).

Figure 53. Fusitnton magellanicus (SMNH).
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Laubierina sp. A

R/V Jean Charcot, 1969, Madere sta. 13, 32°34'N, 17°07'W,

1970 m, 1 shell with % of a teleoconch whorl, MNHN.
See Figure 106.

Cancap 2, Canaries, sta. 2.067, 27°58'N, 14°12'W, 2067

m, 2 larval shells, no post-larval growth, RMNH.
Biacores sta. 195, 37°56'N, 24°49.5'W, 1700-1776 m,

1 shell with no post-larval growth, MNHN. See Figures

105, 107, and 108.

Gulf of Mexico, 21°35'N, 96°54.6'W, 937 m, 1 young

shell with % of a teleoconch whorl, MNHN. See Figures

130 and 131.

These specimens may represent a single species; the two

specimens with post-larval growth certainly do.

Laubierina sp. B

Biocal sta. DW48, 23°00'S, 167°29'E, 775 m, 1 young

shell with 1.4 post-larval whorls, MNHN. See Figure 96.

Off Broken Bay, New South Wales, 1000 m, 1 shell

without post-larval growth, AMS C 150186.

NZOI sta. P941, 41°15.2'S, 167°07.2'E, 1457-1463 m,

1 shell without post-larval growth, NZOI.
These three specimens probably represent a third species,

differing by the sculpture of protoconch II, which is more

dense than in the North Atlantic specimens.

Anatomy oi Laubierina (Figures 159-161)

The description is based on two females of Laubierina

peregrinator . The visceral mass was not extracted because

of the risk of damaging the shell.

The foot is small, strongly contracted and muscular,

blunt anteriorly, and rounded posteriorly. The propodium

is well developed. The wrinkled, lower side of the foot is

demarcated by a distinct furrow. There are no epipodial

tentacles or folds.

Operculum. Similar to that of Pisamanura (Figure 68),

but the apical part is more corroded.

The head is large and broad. The tentacles are slender

and cylindrical with the eyes in large latero-basal bulges.

The presence of a penis is not known, because only females

were examined.

The pallial cavity is rather shallow, occupying 0.3 whorls.

The pallial edge is simple and slightly thickened. A poorly

developed siphon is indicated by the left corner of the

pallial edge being more muscular. The osphradium is large,

about % of the length of the gill, monopectinate, and has

the leaflets directed towards the gill axis. The gill has

about 85 low, triangular leaflets, and the free corner of

each leaflet is drawn out into a tongue-shaped process.

The pallial oviduct is simple, closed, and sausage-shaped.

A receptaculum seminis was not found. The rectum runs

along the pallial oviduct in the pallial roof.

The proboscis sheath is short, thin-walled, and broad,

and is evidently fully everted in one of the specimens (Fig-

ure 152). The buccal mass is large, globular, solid, and

muscular. The salivary glands are large, of normal tonnoid

type, and with the ducts passing through the nerve ring.

The jaws were not examined.

Radula. Central tooth with a daggerlike median cusp

and 8 or 9 lateral denticles. Lateral teeth fairly solid and

robust and with 2 inner denticles, a median cusp, and a

serrated external margin. Marginal teeth undifferentiated,

simple, claw-shaped. Figures 43 and 44.

The anterior oesophagus is thin-walled and spacious;

the posterior oesophagus forms an oesophageal gland, which

is smaller than in other tonnoids.

The cerebral ganglia are large, connected by a slender

commissure and well separated from the pleural ganglia,

which are connected by short connectives. Two major nerve

stems arise from the anterior edge of the cerebral ganglia

and innervate the proboscis sheath; a third nerve leaves

the anterior ventral side of the cerebral ganglion and forms

the buccal connective; a fourth nerve leaving the lateral

part leads to the tentacle. The suboesophageal ganglion is

situated shortly to the right of behind and below the cor-

responding cerebral ganglion; the suboesophageal ganglion

Explanation of

Opercula of Tonnoidea.

Figure 58. Bursa sp., larva (off Brasil, MNHN), max. diam.

I. 33 mm.

Figures 59 and 60. Bursa sp., adult (Gilbert Id., SMNH), max.
diam. 5.5 mm, and detail of the nucleus.

Figures 61 and 62. Tonna sp., larva (off SE South Africa), max.
diam. 3.2 and 3.6 mm respectively.

Figures 63 and 64. Semicassis sp. aff. granulatum, larva (Dana
sta. 1353), max. diam. 1.8 and 2.0 mm respectively.

Figure 65. Semicassis granulatum (no loc, SMNH), max. diam.

37 mm.

Figure 66. Oocorys abyssorum (SE Atlantic, MNHN), max. diam.

II. 6 mm.

'igures 58 to 72

Figure 67. Charoma sp., larva (Dana sta. 1247:11), max. diam.

2.3 mm.

Figure 68. Pisanianura grimaldii (New Caledonia, MNHN), max.

diam. 4.8 mm.

Figure 69. Argobuccinum pustulosum (New Zealand, NMNZ),
very young specimen, max. diam. 3.7 mm.

Figure 70. Cymatium sp., larva (Dana sta. 3940:Ia), max. diam.

1 .8 mm.

Figure 71. Laubierina sp., larva (Mozambique Channel,

MNHN), max. diam. 2.9 mm.

Figure 72. Akibumia orientalis (Japan, USNM), max. diam. 2.9

mm.
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is connected to the right pleural ganglion by a solid nerve,

and to the left pleural ganglion via a long slender con-

nective. The supraoesophageal ganglion is situated to the

left of and behind the left pleural ganglion; no zygoneury

was found, only a connection to the right pleural ganglion.

The buccal ganglia are large, situated ventrally at the

posterior part of the buccal mass.

The rectum contained radiolarian tests, fragments of

crustaceans, scattered sponge spicules, polychaete bristles,

unidentified organic matter, scattered diatom skeletons and

very few mineral particles.

Akibumia Kuroda & Habe, 1959

Akibumia Kuroda & Habe in KuRODA, 1958;pl. 20, fig. 4.

(Not available, ICZN Article 13a, e.)

Akibumia Kuroda & Habe in KuRODA, 1959:317.

Type species: Akibumia flexibilis Kuroda & Habe, 1959,

by monotypy.

Remarks: Beside the three species here included in the

genus, Habe (1962) described Akibumia reticulata from

Honshu, Japan. We have examined the holotype (Figure

83) and conclude that it is an epitoniid as also is indicated

by it being found attached to coelenterates (Habe, 1962).

It may provisionally be classified in Epitonium.

Habe (1962:74) also suggested that Fossarus cereus Wat-
son, 1880, from 2580 m, off northeastern Australia is

related to Akibumia. He had evidently overlooked Pel-

SENEER's (1888) note on this species, based on the soft

parts of the holotype, which Pelseneer placed in the "Pleu-

rotomidae" (=Turridae). Pelseneer, however, did not de-

scribe the soft parts, but rather remarked only that the

animal lacks eyes and "cervical lobes" (=the lobes between

the tentacles?) and is therefore probably not a Fossarus.

We have examined the holotype in BMNH and are un-

certain about its systematic position as all the apical parts

are corroded; however, the absence of eyes and presence

of a snout in Watson's figure (1886:pl. 43, fig. 4d) are

good indications that it does not belong to the Laubierin-

idae. GoLlKOV & Starobogatov (1986) referred Fossarus

cereus to Conradia (Gottiana) [sic\; should be Gottoma A.

Adams, 1863], together with a new species, described as

Conradia minuta Golikov & Starobogatov, 1986, from the

North Pacific. Judging from the figure, the new species

actually is a veliger larva of a ranellid, whereas both Got-

toma and Conradia are based on type species belonging to

the Trochoidea (Waren, examination of type material of

the type species).

Akibumia orientalis (Schepman, 1909)

(Figures 45, 46, 57, 72, 136-138, 157, 158)

Trichotropis orientalis SCHEPMAN, 1909:176, pi. 12, fig. 2.

Type material: Holotype ZMA 3.02.041.

Type locality: Siboga Expedition sta. 211, 05°4rS,

120°46'E, 1158 m (Banda Sea).

Material examined: The holotype and; Albatross Expe-

dition sta. 4919, 30°34'N, 129°19'E, Kagoshima Gulf, Ja-

pan, 805 m, 1 female, USNM 206835; 33°36'S, 152°05'E,

1106-1143 m (off Sydney, Australia) 1 female, AMS C
150223; Three Kings Rise, New Zealand, 31°19.9'S,

173°05.1'E, 1563-1570 m, 1 shell, NZOI.

Distribution: Known only from the material examined,

western Pacific in 805-1570 m.

Remarks: Akibumia orientalis is well characterized by the

strong spiral keels. We do not know any Recent gastropod

that even resembles it. In addition to this, there is a distinct

sculpture of strong, close-set incremental lines and finer

spiral ribs, which is especially strong on the keels. The
specimen from off Sydney was dissected and the results

are presented below. The Japanese female had been dried

and could not be used for detailed examination.

Explanation of

Larval shells of Tonnidae and Ficidae.

Figures 73 and 74. Tonna sp., larvae (off SE South Africa,

SMNH), height 4.5 mm, diameter 3.6 mm.

Figure 75. Tonna galea, apical view with complete protoconch

(Malta, SMNH), diameter of the larval shell 3.2 mm.

Figure 76. Tonna galea, apical view; the periostracum of the

protoconch has been dissolved in bleach and the calcareous in-

ternal mould of the protoconch, with disjunct whorls, is now
visible (Brasil, SMNH), diameter of the larval shell 3.3 mm.

Figure 77. Same specimen as Figure 76, close-up view of pro-

toconch I and early part of protoconch II, width of photo 1.0

mm.

Figure 78. Eudolium crosseanum, side view of apex with complete

protoconch (Azores, MNHN), height of larval shell 3.1 mm.

igures 73 to 84

Figure 79. Same specimen as Figure 78, protoconch I and initial

part of protoconch II; the periostracum has been removed in

bleach; max. diam. 1.0 mm.

Figure 80. Ficus communis (Florida, SMNH). Scale line 250 fim.

Figure 81. Ficus conditus (Lower Miocene, France), diameter of

the protoconch 1.8 mm.

Figure 82. Ficus sp. (Philippines, MNHN), diameter of the

protoconch 2.2 mm.

Figure 83. Akibumia reticulata, holotype, height 7.55 mm.

Figure 84. Distorsio sp. (Philippines, MNHN), larval shell with

traces of post-larval growth, diameter 1.2 mm.
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Akibumia flexibilis Kuroda & Habe, 1959

(Figures 109, 140, 141)

Akibumia flexibilis Kuroda & Habe in KuRODA, 1958:pl. 20,

fig. 4 (not available, ICZN Article 13a, e).

Akibumia flexibilis Kuroda & Habe in KuRODA, 1959:317.

Type material: Two syntypes in Kuroda's private collec-

tion; the shell figured as "holotype" by ANONYMOUS, 1986:

pi. 17, figs. 3-5, is not to be considered a lectotype according

to ICZN art. 74(b) because a nomenclatural act published

anonymously after 1950 is not available (ICZN art. 14).

Type locality: "Deep bottom off Tosa, Shikoku, Japan."

Material examined: The type material and: 06°52'S,

39°54'E, off Tanzania, 1 shell, USNM 718939; Tosa,

Japan, 270 m, 1 shell, ANSP 234711.

Remarks: We are not convinced that this species can be

distinguished from Akibumia schepmani, although the spire

gives an impression of being lov^er in that species. This

difference is probably caused by the larval shell being

almost completely eroded away in the holotype of A. schep-

mani. The lack of material, in combination with the pre-

sumed wide distribution, makes synonymization unsafe

and we have preferred to keep the two species separate.

Akibumia schepmani Habe, 1962

(Figures 47, 48, 139, 155, 156)

Akibumia schepmani Habe, 1962:74.

Type material: Holotype ZMA 3.62.001.

Type locality: Siboga Expedition sta. 211, 05°4rS,

120°46'E, 1158 m (Banda Sea).

Material examined: The holotype and: 28°01 'S, 1 53°59'E,

550 m (off Gold Coast, southern Queensland), coll. K.

Graham, 1 specimen, AMS 150192.

Distribution: Known only from the two specimens ex-

amined.

Remarks: The name Akibumia schepmani is based on

ScHEPMAN's (1909:177, pi. 12, fig. 3; pi. 16, fig. 3) de-

scription and figures of an unnamed gastropod of doubtful

family position. Schepman had two specimens; we have

regarded the figured shell as the holotype; the second spec-

imen was probably destroyed by Schepman when he ex-

tracted the radula.

We find it remarkable that the Siboga Expedition ob-

tained two species of this otherwise rare genus in the same

dredge-haul, but other gastropods obtained in the same

haul give no indication of any special character of the

biotope.

Anatomy of Akibumia (Figures 155-158)

The description is based on Akibumia onentalis; the dif-

ferences from A. schepmani are pointed out below. Most

of the visceral mass was poorly preserved and unsuitable

for dissection, but it consists of about 3.5 whorls, mainly

occupied by the ovary.

The foot is small, strongly contracted, and muscular,

without a median furrow or any epipodial appendages,

but with a distinct propodium. The sides of the foot are

strongly wrinkled close to the ventral edge and with a

furrow demarcating this area from the smoother, higher

parts.

Operculum. Fairly solid, yellowish brown, fan-shaped,

with the larval operculum remaining apically. Figure 72.

The head is large and broad with short, stout (contract-

ed) tentacles with the eyes situated in large latero-basal

bulges. The snout is short and inconspicuous, and consists

mainly of a thin membrane between the tentacles, covering

the proboscis opening. The penis is not known, as only

females were examined.

Explanation of

Larval shells of Ranellidae and Laubierinidae.

Figure 85. Fusitriton magellamcus (New Zealand, NMNZ), young

post-larva with periostracum of the larval shell intact, diameter

3.2 mm.

Figure 86. Argobuccinum pustulosum (New Zealand, NMNZ),
internal mould of larval shell obtained by removal of the peri-

ostracum (see text for explanation); note the slightly disjunct

whorls; width of photo 4.2 mm.

Figure 87. Ranella olearia (SW Europe, MNHN), very young
post-larva with internal mould of larval shell with disjunct whorls,

diameter 3.6 mm.

Figure 88. Same specimen as Figure 87; close-up view of pro-

toconch I, diameter 560 /um.

Figure 89. Ranella australasia (plankton off Sydney, AMS), height

3.8 mm.

igures 85 to 96

Figure 90. Sassia raulini (Miocene of France), width of photo 3.4

mm.

Figure 91. Sassia textilis (Miocene of Victoria, AMS), height 4.3

mm.

Figure 92. Sassia remensa (Queensland, AMS), height 3.2 mm.

Figure 93. Pisanianura inflata (Pliocene of Italy), height of the

protoconch 2.2 mm.

Figure 94. Pisanianura grimaldii (Madagascar, MNHN), width

of photo 3.4 mm.

Figure 95. Pisanianura grimaldii (New Caledonia, MNHN), di-

ameter of larval shell 2.3 mm.

Figure 96. Laubierina sp. (New Caledonia, MNHN), height of

larval shell 3.0 mm.
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The pallial cavity is shallow, occupying 0.25 whorls,

and spacious. The pallial edge is slightly thickened in

Akibumia orientalis, with indistinct internal crenulation.

The right corner of the pallial edge (in A. schepmani and

A. orientalis, both females) is equipped with a thin, mus-

cular skin-fold, hanging down as a protective curtain, just

in front of the pallial oviduct and the rectum. This skin-

fold starts 2 mm in front of the left edge of the anus (0.5

mm behind the pallial edge) from the roof, grows higher

towards the right, to a height of about 2 mm just in front

of the right edge of the oviduct, where it forms a 90° turn

backwards and becomes gradually lower. The siphonal

canal is only indistinctly indicated by a more muscular

area around the left corner of the pallial edge. The os-

phradium is monopectinate, with about 40 leaflets covering

most of the area between its axis and the gill axis. The
axis of the osphradium runs parallel to the central part of

the gill axis and is half as long. The gill occupies almost

the entire distance from the innermost part of the pallial

cavity to the pallial edge and consists of about 75 low,

triangular leaflets of which the free corner is drawn out

into a tongue-shaped projection, measuring 2.0 x 1.2 mm
(high) in the central parts of the gill.

The pallial oviduct is closed and sausage-shaped, 1.5

times as long as broad and with a simple flat cavity. The
opening was not found. A group of seven simple, sac-

shaped receptacula seminis is situated just behind the prox-

imal end of the oviduct, and the receptacula open to a

single duct leading towards the oviduct. The rectum runs

along the left side of the oviduct and opens on a small

papilla, just behind the distal end of the oviduct.

The proboscis sheath is short and thick-walled. The
buccal mass is long and cylindrical, almost twice as long

as broad, and is connected to the proboscis sheath along

its sides by numerous fine muscle fibres. A large, solid

muscle is attached to each posterior side and connects to

the floor of the body cavity shortly behind the nerve ring.

(These seem to be the main muscles for retraction of the

proboscis.) The salivary glands are large and occupy most

of the space of the body cavity behind the nerve ring. They

consist of a large, distal, almost transparent part (accessory

salivary gland) and a more solid, proximal part. The right

gland is situated in front of and above the left one. The
ducts are thick-walled, pass through the nerve ring, run

dorsally on the buccal mass, and open rather far forwards.

The anterior oesophagus is spacious and thin-walled and

leads to a large oesophageal gland. The jaws (Figure 57)

are large, rounded, and situated well in front of the radula.

Radula. Short, 40-50 transversal rows. Figures 45-48.

The nervous system is highly concentrated. The pleural

ganglia are visible as bulges from the cerebral ones. The
cerebral commissure is slightly more slender than the gan-

glia it connects. Three major nerves emerge from the an-

terior edge of the cerebral ganglia and innervate the pro-

boscis; the most lateral one of these leads to the buccal

mass, the inner one innervates the area around the true

mouth, and the central one innervates the proboscis sheath.

One large lateral nerve from each cerebral ganglion in-

nervates the corresponding tentacle. The suboesophageal

ganglion is situated shortly behind and below the right

cerebral ganglion and is connected to the two pleural gan-

glia. The supraoesophageal ganglion is situated further

posteriorly in the cavity, and is connected to the right

pleural ganglion via a long connective and to the left pleural

ganglion via a zygoneury to the osphradial nerve.

Akibumia schepmani differs mainly in having a slightly

deeper pallial cavity, occupying about 0.4 whorls; in having

long and slender tentacles; in having about 75 leaflets in

the gill and 45 in the osphradium; and by having only five

receptacula seminis and a more slender pallial oviduct,

about 2.5 times as long as broad. The only specimen avail-

able was a female.

Undetermined Laubierinid Larvae

Larva Species 1

(Figures 41, 42, 56, 71, 162)

Material examined: One dried specimen with crushed

shell in sample of benthic material, Benthedi 1977 sta. 87,

Explanation of

Larval shells of Ranellidae and Laubierinidae.

Figure 97. Cymatium sp., young larva (Dana sta. 1337), height

1.85 mm.

Figure 98. Cymatium sp., larva (Dana sta. 1253), height 3.6 mm.

Figure 99. Ctiaroma sp., larva (Dana sta. 1247), height 4.2 mm.

Figure 100. Cymatium sp., larva (Dana sta. 3940;Ia), height 4.1

mm.

Figure 101. Cymatium problematicum (Canaries, SMNH), young
post-larva, height 5.6 mm.

Figures 102 and 103. Cymatium sp. (Madeira, SMNH), post-

metamorphic larva; the periostracum has been removed; max.
diam. 1.85 mm, diameter of protoconch I, 315 ^m.

'igures 97 to 109

Figure 104. Cymatium sp., same larva as Figure 98; the larval

shell is seen from inside and shows the periostracal mould of the

sculpture of the young calcified larval shell; breadth of field 0.5

mm.

Figures 105, 107, and 108. Laubierina sp. (Azores, MNHN),
larval shell, height 3.6 mm; detail of the protoconch I and initial

part of protoconch II; breadth of field 0.75 mm (Figure 107),

diameter of protoconch I, 300 /im (Figure 108).

Figure 106. Laubierina sp. (Madeira, MNHN), young benthic

specimen with less that one post-larval whorl, height of the pro-

toconch 5.4 mm.

Figure 109. Akibumia flexibilis (Japan, ANSP), width of photo

3.1 mm.
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11°44'S, 47°35'E, 3716 m (northern Mozambique Chan-

nel), MNHN.

Remarks: This single specimen was badly broken, and the

generic identification is uncertain. Several shell fragments

were still attached to the soft parts, showing a sculpture

of square and rectangular surfaces defined by sharp ridges.

The radula (Figures 41, 42), which is similar to that of

adult Laubierina and Akibumia, has a small denticle at

the lateral part of the base of the central tooth, similar to

Pisamanura. However, for several other Tonnoidea, minor

changes in radular morphology may take place during the

growth from larva to adult.

We consider that the characteristic protoconch sculpture

and the size, at least 5 mm, in combination with the mono-

pectinate osphradium, the radula, and the operculum, make
the identification reliable to family level.

Description: The larva (Figure 162) was soaked in 1%
formalin with detergent added.

The foot is large, flat, blunt anteriorly, and rounded

posteriorly, with a wrinkled zone just above the sole and

a demarcating furrow above the wrinkled zone. The pro-

podium is well developed. There are no pedal appendages.

Operculum. See Figure 71.

The head is large and broad with small, cylindrical

tentacles. The huge eyes, twice the diameter of the ten-

tacles, are attached laterally to the basal part of the tentacle.

There is no snout, only a thin membrane between the

tentacles covering the proboscis opening. The penis is long,

simply finger-shaped and slender, reaching all the way
back to the bottom of the pallial cavity, where it curves

180° and lies folded double for V4 of its length. The pallial

seminal furrow is open and runs along the right side of

the pallial cavity to the left, bordered by a swollen rim,

possibly a prostate; the furrow then curves to the left and

reaches the penis, where it continues open along the dorsal

side, up to the tip.

The pallial edge is simple and muscular, with a thick-

ened left corner equipped with two ridges, which possibly

function as a siphon. The osphradium is huge and mono-

pectinate, with about 35 leaflets that are twice as high as

broad and directed towards the gill. They cover % of the

distance from the bottom of the pallial cavity to the pallial

edge and cover about % of the total inner surface of the

pallial skirt. The gill is much smaller, is situated along

the posterior Vi of the osphradium, and corresponds to Vi

of its width. The gill has about 10 low, triangular leaflets.

The rectum opens far back in the pallial cavity, at about

'/3 of its depth from the pallial edge.

The buccal mass was partly everted and shows the true

mouth with a pair of lateral jaws and a large glandular-

looking bulge at each side of the mouth. These are pre-

sumed to be reduced velar lobes.

Radula. See Figures 41 and 42.

The visceral mass consists of 1.75 whorls, of which the

stomach, kidney, and heart occupy the basal 0.2 whorls

and the digestive gland the following 0.5. The remaining

part is completely filled by the testis and the vesicula sem-

inalis.

Larva Species 2

Material examined: Discovery sta. 10141, 24°34'N,

19°4rW, 3460-3470 m, 1 young specimen without post-

larval growth, 4.2 mm.

Description: The head-foot is similar to that of the larva

described above, except that the specimen lacks developed

reproductive organs. Glandular pads similar to those in

Figure 162, supposed to be the remains of the velum, were

present. Osphradium monopectinate.

The rectum and the stomach contained some mineral

particles and unidentified organic matter.

Reproductive Biology of the Laubierinidae

The laubierinid larva sp. 1, taken in a bottom sample

from 3716 m depth, off Madagascar, is remarkable for the

presence of a penis and a visceral mass full of sperm. This

indicates that the specimen was ready to mate before post-

larval growth had begun. This has not been known for

tonnoid or other meroplanktonic gastropod larvae.

Explanation of F:

Larval shells of Ranellidae, Bursidae, and Cassidae.

Figures 110 to 112. Bursa sp., young larvae (off'Brasil, MNHN),
heights 1.3 mm and 1.45 mm, and diameter 1.8 mm.

Figures 113 and 114. Bufonana marginata (West Africa, MNHN),
protoconch in apical view; diameter of protoconch II, 2.4 mm;
of protoconch I, 330 fxm.

Figures 1 15 to 117. Cypraecassis testiculus (Dana sta. 1286), height

3.1 mm (Figure 115), diameter 2.4 mm (Figure 116), diameter

of protoconch I, 270 nm (Figure 1 17).

Figure 118. Oocorys umbilicata, apex, width of picture 2.4 mm.
Note remains of protoconch II, indicated by arrows.

igures 110 to 122

Figure 119. Oocorys bartschi, apex, width of picture 1.2 mm. Note

remains of sculpture of protoconch II, indicated by arrows.

Figure 120. Galeodea echinophora,. a.pex, height of larval shell 1.0

mm.

Figure 121. Distorsionella Lewisi, apex, height of larval shell 1.1

mm.

Figure 122. Dislorsio sp. (New Caledonia, MNHN), diameter

of larval shell 1.07 mm.
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Explanation of Figures 123 to 127

Pisanianura species. Figure 125. P. inflata (Pliocene, Italy), 24.4 mm.

Figure 123. P. breviaxe (New Caledonia), 15.5 mm. Figure 126. P. grimaldu, holotype, 27.6 mm.

Figure 124. P. breviaxe, holotype, 20.7 mm. Figure 127. P. grimaldu (off Madagascar, MNHN), 23.0 mm.
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In connection with this sexually mature male larva, it

is of interest to note that out of the six adult specimens of

Laubierinidae that have been examined, all proved to be

females (probability 1/64 assuming a 1:1 sex ratio). This

gives reason to speculate that the species of Laubierinidae

are protandrous hermaphrodites with neotenic males. No
structure was found in the larva that could be a recepta-

culum seminis or bursa copulatrix, and therefore it seems

unlikely that copulation takes place in the planktonic phase.

Family FiciDAE Meek, 1864

(Figures 1-4, 80-82, 132-135, 148, 149)

There is no good description of the anatomy of Ficus Rod-

ing, 1798, but scattered information is present in several

papers, and does not conform well with a position in the

Tonnoidea. The animal has been figured several times

(Orsted, 1850; H. & A. Adams, 1853-1858; Keen, 1971;

Wilson & Gillett, 1971; Arakawa & Hayashi, 1972).

The pallial edge is greatly enlarged and forms a fold sur-

rounding the shell, much more so in F. ventricosa (Sowerby,

1825), where it is so wide that it extends over the foot; at

the same time the foot is reduced (Orsted, 1850), thus

giving a configuration similar to Lamellaria Montagu, 1815

(Lamellarioidea). The head part of the head-foot is small

and slender, more so than in the Bursidae, where it is the

smallest in the superfamily. The seminal duct is closed

throughout its way to the penis (Boss, 1982) (open in other

Tonnoidea, except some species of Tutufa, Bursidae;

Thiele, 1929; Beu, 1981; and own observations). The
proboscis is long and slender and lies coiled in the sheath,

as in the Personidae, but in the Ficidae this occupies a

large part of the cephalo-pedal haemocoel. The buccal

mass is small, in preserved specimens not broader than the

anterior oesophagus, and equipped with a pair of large

jaws. The salivary glands are small and inconspicuous in

Ficus (Thiele, 1929; Amadrut, 1898; pers. obs.: 1.2 x

0.7 mm in a 40-mm F. subintermedia) , situated far back

in the body cavity and connected via long, slender ducts.

whereas in other Tonnoidea they are complex and large.

To what extent these diff"erences are connected to differ-

ences in feeding is uncertain. The only published infor-

mation about the diet of Ficus is that it feeds on sea urchins

(Wilson & Gillett, 1971), whereas of four specimens

of Ficus subintermedia we examined, two had empty ali-

mentary canals, one had remains of a polychaete, and one

had a long tube-shaped cuticle in the rectum.

This information about the anatomy and feeding biology

of Ficus agrees well with the new information about Tha-

lassocyon presented below and confirms that Beu's (1969)

transfer of Thalassocyon to Ficidae was justified.

This anatomical information also distinguishes the Fi-

cidae from all other families of the Tonnoidea, but does

not necessarily indicate that the Ficidae has to be separated

from the superfamily. However, it can be assumed that

they branched off before the hypertrophied salivary glands

of other Tonnoidea were developed. It is more difficult to

imagine that the salivary glands have been reduced. Fossil

evidence also indicates that the Ficidae, morphologically

similar to Recent Ficus, already existed in the Upper Cre-

taceous (Wenz, 1941).

A planktonic larva of Ficus has never been reported, but

some information about the larval development of Ficus

was given (in Japanese) by Amio (1963), who figured egg

capsules. Wrigley (1929) described the apical whorls of

several species of Ficopsis Conrad, 1866, and Ficus from

British Cenozoic deposits, and Smith (1907) described

those of some Recent and Cenozoic species. Interpretation

of protoconchs in the Ficidae is presently impossible be-

cause there are no known reference cases. The calcified

larval shell is smooth, except on the last part (Figures 80-

82) (in Tonnoidea with calcified larval shell, protoconch

I is usually sculptured with pits and minute tubercles;

protoconch II is often with at least the initial part retic-

ulated). The limits between protoconch I and II and be-

tween protoconch II and the teleoconch are indistinct, but

the protoconch oi Ficus communis (Smith, 1945:pl. 1, figs.

1, 2, and this paper Figure 80) seems to indicate non-

Shells of Laubierina (Figures 128 to 131) and Thalassocyon (Fig-

ures 132 to 135).

Figure 128. L. peregrinator
,
holotype, diameter 19 mm.

Figure 129. L. peregrinator, paratype (not adult), diameter 13.8

Explanation of Figures 128 to 135

Figure 132. T. bonus, holotype, 45 mm.

Figure 133. T. bonus (NMNZ 35293), diameter 12.6 mm.

Figure 134. T. bonus (NMNZ 75253), height 76 mm.

Figure 135. T. bonus (Amsterdam Id., MNHN), 28 mm.

Figures 130 and 131. L. sp. (Caribbean, MNHN), height 13.2

mm.

Explanation of Figures 136 to 141

Shells oi Akibumia. Figure 139. A. schepmani, holotype, diameter 5.9 mm.

Figure 136. A. orientalis (Japan, USNM), diameter 9.25 mm. Figure 140. A. flexibilis, holotype, diameter 18.0 mm.

Figures 137 and 138. A. orientalis, holotype, diameter 15 mm. Figure 141. A. flexibilis (S of Zanzibar, USNM), height 15 mm.
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planktotrophic development. We also figure the apical

whorls of Ficus subintermedia, which has a multispiral

protoconch and may indicate planktotrophic larval devel-

opment.

Thalassocyon Barnard, 1960

Thalassocyon Barnard, 1960:440.

Type species: By original designation, Thalassocyon bonus

Barnard, 1960, recent, deep water off South Africa.

Remarks: The Ficidae contains mainly shallow-water

species, but Thalassocyon Barnard, 1960, of which two

nominal species have been described, is only known from

depths below 1000 m. Beu (1969) transferred the genus

from Cymatiidae where Barnard described it to the Ficidae

because of shell and radular morphology.

Recently we became aware that J. Knudsen (unpub-

lished) had started, long ago, a treatment of the specimens

of Thalassocyon taken by the Galathea Expedition in the

Kermadec Trench (Beu, 1969), with the intention to de-

scribe their morphologies and to synonymize T. tui Dell,

1967, with T. bonus. This work had never been finished

and when he learned of our intentions to do the same, he

made his notes and material available to us.

One half-grown shell of Thalassocyon (NMNZ M
35293), from off East Cape, New Zealand, 1000 m, with

a badly corroded apex, had brownish fragments remaining

from the larval shell. The species possibly has plankto-

trophic larval development.

Anatomy of Thalassocyon

The foot is small, with wrinkled sides and a distinct

propodium. It lacks a posterior pedal gland and the drawn

out anterior corners that are present in Ficus. The oper-

culum is small, black, and circular, with a lateral, corroded

nucleus (similar to that of Distorsio) and does not fill the

aperture. The head is large and broad compared with Ficus

and does not have a long slender neck. The tentacles are

short and conical and lack eyes.

The pallial cavity is large and spacious, with a simple,

muscular margin that does not cover the outside of the

shell (which is indicated by the thick, bristly periostracum).

The inhalant siphon is thick and muscular, strongly con-

tracted. An exhalant siphon is indicated by a triangular

lobe at the right extremity of the pallial edge.

The male has a long, slender, simple, finger-shaped

penis, to which the sperm is transported via a simple,

narrow, open furrow that crosses over to the side of the

pallial cavity and backwards. The rectum is simple and

opens far back in the pallial roof; in the female it runs

between the pallial oviduct and the pallial skirt. The rec-

tum of three specimens contained numerous, large fecal

pellets, neatly aligned and connected by mucus strings.

Identifiable contents were sand, numerous pieces of cuticle,

and large quantities of broken polychaete bristles, some-

what similar to the large bristles of the families Aphro-

ditidae and Amphinomidae.

The gill occupies almost the whole distance from the

bottom to the opening of the pallial cavity and consists of

about 60 triangular leaflets, which are 1.6 mm wide and

2.0 mm high in the central part of the gill. The osphradium

is regularly bipectinate with about 40 pairs of high leaf-

lets.

The proboscis is simple and can probably be extended

to a length approaching the length of the shell (partly

everted in one specimen). In the retracted state it occupies

the anterior, dorsal '4, of the volume of the cephalo-pedal

haemocoel. The buccal mass is small and slender, with a

pair of jaws similar to those of Ficus. The anterior oesoph-

agus is slender and fused with the thick-walled salivary

ducts, which pass through the nerve ring on their way to

the two large, simple salivary glands that lie in the anterior

part of the cephalo-pedal haemocoel. The salivary glands

abut the cerebral ganglia and are pushed forwards by the

huge oesophageal gland, which fills % of the cavity. The
gland is solid and consists of numerous thick, spongy,

transversal folds.

Radula. See Figures 1 and 2. The size is remarkably

only V^-V^ that of a specimen of Ficus subintermedia of the

same size.

The nervous system was not examined.

Thalassocyon bonus Barnard, 1960

(Figures 1, 2, 132-135)

Thalassocynn bonus Barnard, 1960:440.

Thalassocyon tui Dell, 1967:309. (New synonym.)

Explanation of

Kaiparanura, shells; Ficus and Distorsio, radulae.

Figures 142 and 143. Kaiparanura spiralis, larval shell (NMNZ),
diameter of protoconch I, 225 tim (border to teleoconch indicated

by arrow); height of larval shell (Figure 143), 2.75 mm.

Figures 144 and 145. K. spiralis, complete shell (Figure 145) and
apex (Figure 144) (NZGS). The white arrow indicates border

Figures 142 to 149

between larval shell and teleoconch. Height of larval shell (Figure

144), 2.0 mm; height of shell (Figure 145), 7.5 mm.

Figures 146 and 147. Distorsio clathrata (SMNH), radula. Scale

lines 10 ;um.

Figures 148 and 149. Ficus subintermedia (New Caledonia,

MNHN), radula. Scale lines 50 tim.
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Explanation of Figures 150 to 152

Anatomy of Oocorys sulcata (off Portugal, MNHN). Scale line 1

mm.

Figure 150. Head-foot, pallial skirt. External features.

Figure 151. Body cavity opened to show salivary glands.

Figure 152. Body cavity and proboscis opened, salivary glands

removed.

Key: be, buccal cavity; bm, buccal mass; cpg, cerebro-pleural

ganglion; g, gill; j, jaw; oe, oesophagus; oeg, oesophageal gland;

OS, osphradium; p, proboscis; pe, penis; r, rectum; rd, radula; sbg,

suboesophageal ganglion; sd, salivary duct (marked black); sgl,

salivary gland; spg, supraoesophageal ganglion; tn, tentacle nerve.

Type material: Thalassocyon bonus, holotype SAM A 9714;

T. tin, holotype NMNZ M 21299.

Type localities: Thalassocyon bonus, 33°26'S, 16°33'E,

2280-2400 m, off western South Africa; T. tm, 30°11'S,

179°52'W, 1152-1205 m, W of Kermadec Islands.

Material examined: The type material; off South Africa,

33°49'S, 16°30'E, 2760 m, paratype, SAM A 9756; 34°37'S,

17°03'E, 2900-2980 m, paratype, SAM A 9759; 33°50'S,

16°30'E, 2720-2945 m, paratype, SAM A 9810; New
Zealand, NE of Chatham Id., 42°56.3'S, 175°05'W, 1004-

1011 m, 1 shell, NMNZ 75253; Lord Howe Rise, NZOI
sta. P120, 35°45.7'S, 165°04.1'E, 950 m, 1 shell, NZOI;
30°11.5'S, 179°52'W, 965-975 m, holotype, NMNZ M
21299; NZOI sta. J41 ,

36°50'S, 170°13'E, 2060 m, 1 spec-
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Explanation of Figures 153 and 154

Anatomy of Pisanianura breviaxe.

Figure 153. Head-foot, pallial skirt removed. Scale line 2 mm.

Figure 154. Schematic plan over body cavity, salivary glands

removed.

Key: bm, buccal mass; cpg, cerebro-pleural ganglion; j, javv'; oe,

oesophagus; oeg, oesophageal gland; po, proboscis opening; ps,

proboscis skirt; rd, radula (seen by transparency); rm, retractor

muscles; sbg, suboesophageal ganglion; spg, supraoesophageal

ganglion; te, tentacle; tn, tentacle nerve; ?, zygoneury not verified.

imen, NZOI; NZOI sta. P940, 41°22.7'S, 166°44.4'E,

2092-2154 m, 1 shell, 1 specimen, NZOI; 36°40.1'S,

172°44.7'E, 1622-1634 m, 1 specimen, NMNZ M 74630;

NZOI sta. P941, 41°15.2'S, 167°07.2'E, 1457-1463 m, 1

specimen, NZOI; off East Cape, 37°30'S, 179°22'E, 1 140-

1215 m, 1 young shell, diam. 12.9 mm, NMNZ 35293; S

of Amsterdam Id., R/V Marion Dujresne cruise MD50
sta. DC167, 38°24'S, 77°29'E, 1430-1600 m, 1 worn shell,

MNHN; off Queensland, ca. 2000 m, 1 specimen, AMS
(uncatalogued); Galathea Expedition sta. 665, Kermadec
Trench, 36°38'S, 178°21'E, 2470 m, 2 specimens, ZMC;
Galathea Expedition sta. 668, Kermadec Trench, 36°23'S,

177°41'E, 2640 m, 4 specimens, 1 shell, ZMC.

Distribution: From South Africa, west to the Kermadec
Islands, abyssal.

Remarks: During our search for larval shells of Thalas-

socyon we examined all specimens of the genus in AMS,
NMNZ, SAM, and MNHN. When the two nominal

species were described they were known only from a very

few specimens from South Africa and New Zealand. The
richer material now available, including specimens from

Queensland {Thalassocyon was also recently recorded from

off New South Wales, 570-950 m, by CoLMAN, 1987) and

Amsterdam Island, indicates that the specimens from South

Africa and New Zealand can hardly be distinguished, al-

though specimens from South Africa usually have a taller

spire than those from New Zealand. Specimens from Am-
sterdam Island, which are geographically intermediate,

however, are intermediate in this character and we suppose

there is a cline in the height of the spire (Figures 132-

135).

Family TONNIDAE Suter, 1913

(Figures 9-14, 49, 61, 62, 73-79)

The Tonnidae is mainly restricted to shallow water, above

100 m. Vv^e figure radulae and jaws, as well as the shell,

operculum, and the radula of a larva for comparison with

other families. The only genus that occurs in deep water

is Eudolium Dall, 1889. The type species, E. crosseanum

,

was discussed and several shells figured by PlANI (1977).

The species of the genus were reviewed by Cernohorsky
(1976). We illustrate a young specimen from the Azores

with an intact larval shell (Figures 78, 79) and the radula

(Figure 11).

The larva of Tonna has been figured and described

several times (<?.^., MacDonald, 1855; Fischer, 1863;

Dawydoff, 1940; Laursen, 1981).

The competent larva has an uncalcified shell (Figures

73, 74) of about 5 mm in diameter. Immediately after



Page 90 The Veliger, Vol. 33, No. 1



A. Waren & P. Bouchet, 1990 Page 91

Explanation of Figures 159 to 161

Anatomy of Laubierina peregrinator.

Figure 159. Dissection of body cavity.

Figure 160. Head-foot, right side, buccal mass partly everted,

pallial skirt removed.

Figure 161. Head-foot, right side.

Key: bg, buccal ganglion; bm, buccal mass; eg, cerebral ganglion;

g, gill; oe, oesophagus; oeg, oesophageal gland; op, operculum;

OS, osphradium; pg, pleural ganglion; rs, radular sac; sbg, sub-

oesophageal ganglion; sd, salivary duct; si, siphon.

Explanation of F

Anatomy of Akibumia sp.

Figures 155 and 156. A schepmani, head-foot (Figure 155) and
organization of body cavity; salivary glands and most of oesoph-

agus removed (Figure 156).

Figures 157 and 158. A unenlalis, organization of body cavity;

salivary glands removed (Figure 157) and head-foot without pal-

lial skirt (Figure 158).

igures 155 to 158

Key: bm, buccal mass; bg, buccal ganglion; eg, cerebral ganglion;

cpc, cerebro-pedal connective; oe, oesophagus; oeg, oesophageal

gland; pg, pleural ganglion; ppc, pleuro-pedal connective; ps,

proboscis sheath; rm, retractor muscles; rs, radular sac; sbg, sub-

oesophageal ganglion; sd, salivary duct (marked black); spg, su-

praoesophageal ganglion; te, tentacle; tn, tentacle nerve; 1, nerve

to mouth; 2, nerve to lips and proboscis sheath; 3, nerve to lips

and buccal mass; ?, zygoneury not verified.
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pe

Figure 162

Recently metamorphosed young o{ Laubierina sp. (Mozambique
Channel).

Key: bm, partly everted buccal mass; pe, penis; sg, seminal groove;

ve, remains of velum; vs, vesicula seminalis.

settlement the animal starts to fill it internally with calcium

carbonate. When the animal gets older the larval shell

finally becomes totally solid. If then the old periostracum

starts to decay (which evidently does not always happen),

only the internal mould remains (Figure 76). The same

development of the larval shell occurs in Eudolium. The
internal mould shown in Figure 76 was obtained from the

shell in Figure 75 by dissolving the periostracum in bleach.

The competent veliger larva of Tonna has a radula sim-

ilar to that of the adult (Figures 9, 10).

Family Cassidae Latreille, 1825

(Figures 15-24, 50, 51, 63-66,

115-120, 150-152)

Since Abbott's (1968) and Beu's (1976, 1981) treatments

of members and classification of the family, Monnn Rod-

ing, 1798, has been shown to belong to the Harpidae

(Hughes, 1986b); subgenera and synonyms of Morum are

reviewed by Beu (1976).

Several radulae and opercula of Cassis Scopoli, 1777,

have been figured by Abbott (1968), Bandel (1984),

Bayer (1971), and Troschel (1863), and we illustrate

those of Galeodea echinophora (Figures 17, 18, 22), Semi-

cassis granulatum (Figures 19, 20), and Semicassis saburon

(Figure 21) for comparison.

The cassids have a smooth, round larval shell of several

whorls, calcified also in the veliger larva, that was described

in general for several species by Abbott (1968) and in

detail by Laursen (1981) for Semicassis granulatum and

Cypraecassis testiculus (Figures 115-117). The operculum

of the Phaliinae {Semicassis Morch, 1852, Phalium Link,

1807, Casmaria H. & A. Adams, 1853, and Echinophona

Sacco, 1890, among others) is of an unusual type in being

very slender, with a lateral nucleus at half the length, and

is sometimes equipped with strong radial ribs (Figure 65).

This has been described for several species by Abbott
(1968). In Semicassis granulatum the larval operculum

(Figures 63, 64) can be seen also in adult specimens. In

the deep-water genus Oocorys, the operculum is simply

paucispiral, which is one of the characters that induced

Fischer (1883) to erect the genus.

The larva of Oocorys is not known. Dale (1889) and

Turner (1948) reported that the larval shell consists of

2-2.5 whorls that are smooth or sculptured in the same

way as the teleoconch. QuiNN (1980) described that of

Oocorys caribbea Clench & Aguayo, 1939, as multispiral

and reticulated. We have seen some remains of a reticulated

larval shell on specimens of Oocorys umbilicata and 0.

bartschi (Figures 118, 119).

Competent cassid larvae have a radula similar to that

of adults, but with weaker and more membranaceous teeth

(Figure 23). The larvae of Semicassis gr-anulatum and Cy-

praecassis testiculus have an indistinctly bipectinate os-

phradium, with those leaflets facing away from the gill

being much smaller.

Position of Oocorythidae Fischer, 1885

The "family" Oocorythidae has usually been regarded

as a subfamily of the Tonnidae (Thiele, 1929; Wenz,
1941; Boss, 1982). Dale (1909) concluded that the Ooco-

rythidae could not be distinguished from the Cassidae, a

conclusion disputed by QuiNN (1980). Quinn discussed

the systematic position and status of the family and con-

cluded that it was distinct from the Tonnidae and contained

the genera Oocorys Fischer, 1883, Hadroocorys Quinn, 1984,

Dalmm Dall, 1889, Galeoocorys Kuroda & Habe, 1957,

and perhaps also Galeodea Link, 1807. Ponder (1984)

agreed with Beu (1981) who placed Oocorythidae as a

Figure 163

Principles and possible pathways of the evolution of the larval shell of the Tonnoidea.

1. This is considered the ancestral type of planktotrophic larval shell.
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2. Changes in the protoconch II primarily affect the later part of the shell, and usually consist of loss of sculpture.

3. Loss of calcification can also happen independently of stage in development, but because it seems to be an

adaptation to long-lasting planktotrophic life, it normally happens only in such species.

4-6. Loss of planktotrophy can take place from any stage in the evolution of the planktotrophic larval shell. This

leads to a paucispiral larval shell, where the original sculpture may remain or finally may be lost, as in Figure 6.

7. Calcification of the aperture before the initial vs^horl (as in Sassia [Austrosassia] spp., see Beu, 1988a) is still

another modification of the intracapsular development (well known from the Buccinidae).

This scheme is not supposed to show the actual evolution within the superfamily, but only to give examples of the

direction of the evolution.
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subfamily of Tonnidae, but placed Galeodea maccamleyi

Ponder, 1984 in the Cassinae. (Ponder's description of that

species contains good anatomical information and excellent

figures of the radula, jaws, and operculum.)

We find the placement of the Oocorythidae as a subfam-

ily of the Tonnidae untenable because of the differences

in the radula (Figures 9-14 vs. 15-24), jaws (Figures 49

vs. 50 and 51) and operculum (Figures 61 and 62 vs. 63-

66). On the other hand, we can see no strong arguments

against the association of Oocorythidae with the Cassidae.

The radulae are quite similar (Figures 15, 16, and 24,

and pointed out by Bandel, 1984). Also, the soft parts

are similar as far as we can see from the few descriptions

of cassid anatomy that have been published {e.g., QuoY &
Gaimard, 1835; Panceri, 1869; Reynell, 1905, 1906;

Weber, 1927; Hughes & Hughes, 1981), from Quinn's

(1980) description and our own dissections of Oocorys sul-

cata (Figures 150-152), and from Haller's (1893) de-

scription of Galeodea echinophora. Finally, the shells form

a continuous series of increasing complexity of the incre-

mental scars and siphonal canal (Oocorys-Galeodea-Cy-

praecassis-Cassis). The only difference from the cassids

pointed out by QuiNN (1980) is that the cassids are sup-

posed to have the tip of the inner marginal tooth equipped

with denticles (sometimes also present on the outer mar-

ginal, cj. Abbott [1968] and Bandel [1984]). These den-

ticles were said to be absent in Oocorys. We have, however,

found such denticles in Oocorys sulcata and Galeodea echin-

ophora (Figures 22, 24).

We therefore consider that the Oocorythidae should be

included in the Cassidae (as does A. Beu, pers. comm.,

who also suggests that they should be classified in the

Cassinae). Whether it should be kept as a distinct subfam-

ily or not, we cannot say.

Family BuRSiDAE Thiele, 1925

(Figures 5-8, 58-60, 110-114)

Beu (1981) gave a detailed description of the Bursidae

and described the soft parts for several species, in addition

to summarizing earlier knowledge on the family. Laursen

(1981) described the larva of some western Atlantic Bursa

Roding, 1798, and RiSBEC (1955) described the gross mor-

phology of Bursa from New Caledonia. Bandel (1984)

questioned the validity of the Bursidae as a family, but

this was based only on the comparison of radulae with

those of the Cymatiidae.

We find the Bursidae a well-defined unit, characterized

by several independent characters {i.e., posterior canal,

reduced jaws, 3 accessory salivary glands [Beu, pers. comm.],

globular, calcified larval shell, and similar teleoconchs) and

support Beu's view. We figure the larval shell, operculum,

and radula (which shows a remarkable similarity to the

Tonnidae) for comparison (Figures 5-8, 58-60, 110-1 14)

with other Tonnoidea. We examined several larvae but

did not succeed in finding a radula.

De Folin (1884:212) described the larva of an uniden-

tified Bursa from southwestern Europe or western Africa

as Talisman parjaiti (types examined in MNHN). The
generic name Talisman de Folin, 1884, will not interfere

with any of the generic names normally in use for bursids

from that area because those all are older.

Family Personidae Gray, 1854

(Figures 84, 121, 122, 146, 147)

The Personidae is characterized by the central radular

tooth with distinct, down-curved corners, a periostracum

as in the Ranellinae, and a long proboscis that in the

retracted state is coiled. The shell has (in Recent species)

a strongly developed parietal shield, a small aperture, and

characteristic columellar ridges and denticles.

The larva of Distorsio Roding, 1798, was described by

Laursen (1981) and from the similarity of his figure and

the original figure of Ca/care/Za Souleyet, 1850, we conclude

that they refer to closely related species. We also conclude

that one of the "giant veligers" described by Dawydoff
(1940:fig. 2) belongs to the same group, and that the larva

described by SiMROTH (1911) under the name Calcarella

spinosa Souleyet is closely related. Beu (1987:figs. 133, 137

139) figured the larval shell of a young specimen with

parts of the strongly developed periostracal fringes re-

maining. We figure a recently metamorphosed larva with

traces of post-larval growth (Figure 84) and the apex of

Distorsio sp. (Figure 122). The larval shell is similar to

that of Bursa spp., but differs by having smooth initial

whorls. Distorsionella lewisi Beu, 1978a, from about 600

m depth, north of New Zealand, has a reticulated larval

shell, but the corresponding larva is not known. The pro-

toconch is figured here (Figure 121). This larva presents

a problem in the determination of developmental type. The
sculpture on the protoconch certainly is the type found in

species with planktotrophic development, but at the same

time it has fewer whorls than what is normal in those, and

we believe that it does not have planktotrophic develop-

ment.

DISCUSSION

The Use of Larval Shells in Classification

Two contrary views on the phylogenetic significance of

the difierent types of protoconchs have been expressed for

several decades. One point of view was expressed by Dall
(1924): "In common with most students of the Mollusca

for some years I have regarded the nucleus characters as

more or less indicative of genetic affinity, but recently

having had to work over large numbers of deep water

species, especially toxoglossate forms, and to utilize Hed-

ley's fine monograph of the Australian Turridae, I have

found this view to involve so many apparently preposterous

combinations of unlike things and separation of similar

things, that I have come to the conclusion that this view
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cannot be maintained." And further: "When two marine

forms of similar anatomical structure exhibit diflferent nu-

clei, I conclude that the adaptive modification is not of

serious value in classification, and in most cases should not

be considered as of more than sectional or subgeneric im-

portance. The parallel occurrence of similar nuclei in widely

diflferent groups of families is obviously no indication of

genetic affinity."

Exactly the opposite view was held by FiNLAY (1931)

who emphasized that the protoconch was a good character

for classifying Tonnoidea: "I think the only satisfactory

basis for the classification of the Cymatiidae is the pro-

toconch, and would reject a species from any of the shell

groups if it does not agree with the other members in apex."

And further: "After a number of years careful examination

of gastropod apices, I am fully satisfied, in spite of what

several authors have written, that the protoconch is one of

the most valuable criteria for systematic classification. Not

only have I never found it to vary from type in a homo-

geneous genus, but I have also found it so generally con-

stant that in my opinion considerable importance must be

placed on it in determining lineage relationships. To the

palaeontologist it is as important as the radula is to the

malacologist, and should be given just as much consider-

ation."

After scientists had noticed the occurrence of very dif-

ferent types of larval shells within a well-defined genus,

the larval shell has obtained a bad reputation as a system-

atic character among many malacologists, while others

have uncritically used this to separate genera. To under-

stand these discrepancies it is necessary to consider the

evolutionary background.

Planktotrophic larval development is considered to be

the ancestral mode of development in marine invertebrates

in general (Strathmann, 1978, 1985), and in marine

gastropods in particular (Jablonski & LUTZ, 1983). Non-

planktotrophy is a derived condition that has appeared,

obviously independently, in different families and genera.

Each time such a change takes place, it affects only a single

species or population. This species may then give rise to

a new lineage, characterized by non-planktotrophic de-

velopment, or may become extinct. Such changes have been

documented by paleontologists. A reversal, from non-

planktotrophy to planktotrophy, has not been documented

and seems less likely, at least if the larval development has

been modified so much that the larva has lost the ability

to swim or feed on plankton.

When a species changes from planktotrophic to lecitho-

trophic development, the larval shell, too, is affected, and

must therefore be regarded as a new, acquired character.

With this background knowledge, we assume that the

two views on the systematic value of the larval shell are

the result of lack of discrimination between larval shells

of different developmental types, and we can see (as did

Marshall, 1978) no reason why species with different

types of development necessarily have to be classified in

different subgenera or genera, as often has been empha-

sized. (Bouchet [1989] has reviewed a number of cases

of closely related prosobranch species that differ almost

only by having plankto- and lecithotrophy, respectively,

and correspondingly different types of larval shells.)

We also assume that as long as larval shells of plank-

totrophic larvae are compared, they are good indicators of

relationship and have the same taxonomic value as teleo-

conchs. Among those sharing the view of FiNLAY (1931)

on the other hand, the protoconch has been overestimated

in value, and used in the wrong way, by comparisons made
among protoconchs with different biological origins.

Larval Development of Tonnoidea

Detailed descriptions of the spawn (Amio, 1963; Lamy,

1928; Penchaszadeh, 1981; Petit & Risbec, 1929;

RiSBEC, 1931, 1936; Thorson, 1940) and early develop-

ment of tonnoid larvae exist, covering the time until hatch-

ing (Anderson, 1959, 1966; Bandel, 1975; D'Asaro,

1969; Gohar & EisAWY, 1967; Hughes, 1986a; Laxton,

1969; Philpott, 1925). The development of the later lar-

va, however, has attracted less attention and little detailed

information exists; but as in most caenogastropod taxa,

planktotrophy and lecithotrophy are reflected in the mor-

phology of the larval shell, in accordance with Thorson's

(1950) "apex theory" and other references cited by

Robertson (1976).

Most species that have been described in detail leave

the egg capsule as planktonic veliger larvae with a shell

of a diameter of up to 0.4 mm and consisting of less than

one whorl, which constitutes protoconch I. (Reports on

presumed adelphophagy in Tonna [Penchaszadeh, 1981]

discussed by HOAGLAND & Robertson [1988] and

Bouchet [1989] need confirmation, but do not change our

discussions.)

The first discontinuity in the shell surface indicates the

moment of hatching and separates protoconch I from pro-

toconch II, which is formed during the time the larva feeds

on phytoplankton. Protoconch II consists of 2.5-4 whorls,

and its diameter is 1-5 mm. After metamorphosis, the

young benthic snail secretes the teleoconch, which is sep-

arated from protoconch II by a second discontinuity. The
two discontinuities, reflecting hatching and metamorpho-

sis, can be observed on the apical parts of well-preserved

Recent and fossil shells (Figures 73-79, 87, 88, 101-103,

106-109). Without consideration of the mode of the de-

velopment, a protoconch is always present and statements

indicating the absence of protoconch in some tonnoid taxa

(Beu, 1988a:l) are erroneous, although in some species it

is not clearly demarcated, or in certain species with leci-

thotrophic development it may be only partly calcified or

in other ways changed because of the specific ontogeny.

Of the tonnoids with detailed information on the mode
of development, Galeodea echmophora hatches as a crawling

juvenile; its larval shell has a diameter of 1.1-1.6 mm
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(Hughes, 1986a) and a single discontinuity is present on

the apical part of the shell, demarcating the protoconch

from the teleoconch (Figure 120).

Beu (1988a) described the development of Sassia (Aus-

trotriton) subdistnrta (Lamarck, 1822), which never forms

a normal protoconch I. This species has lecithotrophic

development, and the initial whorl is not calcified until

late and has the appearance of being incomplete or broken.

Occurrence of non-planktotrophic development is also

known, from indirect (protoconch) evidence, in other Cas-

sidae and Ranellidae (examples: species of Sassia, see

Kesteven, 1902:figs. 1-6, Beu, 1987:figs. 127, 130, and

this paper, Figure 91; Sassia [Cymatiella], see Beu, 1988a:

figs. 18-21; Eocymatium pyraster (Lamarck, 1803), see

Beu, 1988b:text-fig. IG).

Laursen (1981) described and figured a larva as "un-

identified larva A." Judging from his figures and descrip-

tion, and considering the genera known or presumed to

occur in the area where this larva was taken, this may be

the larva of a species of Puanianura, Oocorys, or possibly

Gyrineum Link, 1807. The shape and the sculpture agree

and the size range given by Laursen (2.5-3.5 mm) covers

all our measurements from preserved apices. His drawings

were prepared from specimens close to metamorphosis as

is indicated by the ribs being more crowded towards the

outer lip. According to Laursen, as many as 2782 speci-

mens were caught between 5° and 35°N in the Atlantic

and it was said to be the fifth most common species in his

material of 38,000 prosobranch larvae. We have tried to

examine Laursen's figured specimens for direct compari-

son, but it proved impossible to find them in the Zoological

Museum in Copenhagen, where this material is kept. Sev-

eral samples labelled "A" contained mixtures of typical

Cymatium larvae {e.g., our Figure 98).

Systematical Implications of the Larval

Shell Morphology in Tonnoidea

The first result of our discussions above is that we agree

with Smith (1945), who advocated Ficus to be a mono-
phyletic genus despite the occurrence of multispiral and

paucispiral larval shells in the genus. We do, however,

exclude the Ficidae from further comparisons with other

Tonnoidea because of the very different larval shell.

Our view on the controversy about larval shells does not

imply that genera or subgenera comprising only species

with non-planktotrophic development are necessarily poly-

phyletic. For instance, Sassia {Austrotriton) is defined by

Beu (1988a, b) as a subgenus containing "fossil and living

species with caricelloid apices (. . .), reflecting direct de-

velopment." This shared apical morphology (and mode of

development) may be the result of convergence (with Aus-

trotriton being polyphyletic) or may be derived from a

common ancestor (with Austrotriton being monophyletic).

Evidence for this is to be looked for in the other shell

characters and history of the group, as Beu (1988a) also

did after, we think, overemphasizing the importance of the

protoconch. Similarly, we find the erection of Eocymatium

Beu, 1988b, for a species with a paucispiral protoconch

indicating lecithotrophic larval development not justified

on the basis of that character alone. Again here we do not

mean that Eocymatium is not a valid genus, but certainly

its mode of larval development by itself does not justify

erection of a new genus and Beu (pers. comm.) has em-

phasized that these two genera also are based on other

characters.

The planktotrophic larval shell of tonnoids exhibits great

variation between different families, when genera such as

Laubierina, Cymatium, and Semicassis are compared. On
the other hand, one shell type is represented in several

families and subfamilies—a globular shell with a distinct

sculpture of thin axial and spiral cords, sharply set off

from a smooth surface and intersecting at right angles.

Sassia remensa (Figure 90) and S. rauhni (Figure 94) can

be taken as examples of this.

A similar sculpture is known from the Cypraeoidea {e.g.,

RiCHTER & Thorson, 1975), the Cancellariidae (Beu,

pers. comm.), the Trichotropidae (Waren, unpublished),

and the Elachisinidae (Waren, unpublished). In the

Trichotropidae, however, this sculpture appears only at

the last part of the larval shell and, in the other groups,

the ribs are much broader and constitute most of the sur-

face, so that there are no large, smooth interspaces. There-

fore we consider the similarity of larval tonnoid shells to

those of the other families to be due to convergence.

Reticulated larval shells, similar to those oi Sassia, occur

in the following families and subfamilies: Personidae, Lau-
bierinidae, "Oocorythinae," Neptunellinae, and Pisani-

anurinae.

The groups that only have other types of planktotrophic

larval shell are the Bursidae, some Cassidae, the Tonnidae,

Cymatium
,
Charonia, and the Ranellinae. In the last four

cases all species have a chitinous larval shell that has been

interpreted as an adaptation to long planktonic life

(Pechenik et ai, 1984). Nevertheless, it shows the typical

sculpture on the first part of protoconch II (Figures 77,

79, 103, 104).

In the Personidae we are not sure about the interpre-

tation of the larval shell oi Distorswnella (Figure 121), but

it shows the typical reticulate sculpture.

In the Bursidae and Cassidae (Figures 110-117) only

the first part of protoconch II has the typical reticulate

sculpture, but still it is identical to that in Sassia.

In all of these taxa (except Laubierinidae and Pisani-

anurinae), there exist also larval shells without or with

only very weak sculpture. This we consider a modification

by loss of the net-sculpture, in the same way as it is lost

on the later part of protoconch II in Bursa (Figure 110).

There is no case in which an obviously different type of

sculpture has evolved.

It is obvious and worth noting that the reticulate sculp-

ture on planktotrophic larvae is better developed in the
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deep-sea representatives of the different families. It is more

pronounced in Eudolium (Figures 78, 79) tiian in Tonna

(Figures 76, 77); it is present in Distorswnella (Beu, 1978a:

fig. 5; this paper, Figure 121), a genus only known from

moderately deep water, but absent in Distorsio (Figure

122), which is restricted to shallow water. It is strongly

developed in many species of Sassia (Figures 90, 92), a

genus of Ranellidae that had its distributional maximum
in the early and mid-Tertiary, and is now restricted to

deep water. It is also present in Oocorys (Figures 118,

119), but not in the shallow-water cassids. It is also the

only type of larval shell known in the Laubierinidae and

Pisanianurinae, both deep-water groups.

We therefore assume that this reticulate sculpture re-

flects the original condition in the Tonnoidea and that it

has subsequently been modified in the more-advanced shal-

low-water and/or Recent representatives of the superfam-

This conclusion has been summarized in Figure 163.

It is also obvious, from the discussions above, that the

larvae of the Tonnoidea can be determined with good

accuracy, at least to subfamily or genus, from existing

knowledge. For specific determinations one still must rely

on direct comparison of young specimens with preserved

larval shells.

We have therefore compiled a key to the planktonic

larvae of Tonnoidea.

Tentative Key to the Planktonic

Larvae of Tonnoidea

A. Shell calcified, completely covered by reticulate

sculpture Laubierinidae

Pisanianurinae

Neptunellinae (some Sassia)

Cassidae (Oocorys)

Personidae {Distorswnella)

Ranellinae, Gyrineum sp.

A. Shell mostly smooth, sometimes with reticulate

sculpture on apical whorls B
B. Shell calcified C
B. Shell not calcified E
C. Shell completely smooth D
C. Apical whorls with reticulate sculpture . . . Bursidae

D. Operculum with internal ridge, radular teeth

membranaceous Cassidae (excl. Oocorys)

D. Operculum without internal ridges, radular teeth

normal Neptunellinae (some Sassia)

E. Shell with tall spire Neptunellinae

E. Shell globular F
F. Shell smooth Tonnidae

F. Shell with strongly developed periostracal fringes

Personidae (excl. Distorswnella)

Ranellinae

Remarks: The family Ficidae is not included in the key

because of incomplete knowledge. See remarks under that

family. A complete larval shell of Oocorythinae has not

been examined, but we know it to be reticulated (Figures

1 18, 119).
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APPENDIX: LIST OF SPECIMENS FIGURED

FiCIDAE

Thalassocyon bonus, NZOI sla. P941, Tasman Basin,

41°15.2'S, 167''07.2'E, 1452-1463 m (NZOI). Figures

1, 2.

Thalassocyon bonus, off East Cape, New Zealand, 37°30'S,

179°22'E, 1128-1200 m (NMNZ M 35293). Figure

133.

Thalassocyon bonus, NE of Chatham Id., New Zealand,

42°56'S, 175°05'W, 1004-1011 m (NMNZ M 75253).

Figure 134.

Thalassocyon bonus, S of Amsterdam Id., MD50 sta. DC167,
38°24'S, 77°29'E, 1430-1600 m (MNHN). Figure 135.

Thalassocyon bonus, holotype (SAM A 9714). Figure 132.

Ficus communis Roding, 1798, Florida (SMNH). Figure

80.

Ficus sp., Seychelles, Reves 2 sta. 42, 04°3rS, 56°09'E, 52

m (MNHN). Figures 3, 4.

Ficus conditus (Brongniart, 1823), St. Paul les Dax, SW
France, Burdigalien, lower Miocene, P. Lozouet coll.

(MNHN). Figure 81.

Ficus sp., Philippines, Musorslom 3 sta. CPlOO, 14°00'N,

120°18'E, 189-199 m (MNHN). Figure 82.

Ficus subintermedia (d'Orbigny, 1852), New Caledonia,

Musorstom 4 sta. CP148, 19°23'S, 163°32'E, 58 m
(MNHN). Figures 148, 149.

BURSIDAE

Bufonaria marginata (Gmelin, 1791), Canaries, Gran Can-

aria, off La Luz, 100 m, coralline algae (SMNH 3271).

Figures 7, 8.

Bujonana marginata, off Mauretania, 18°54'N, 16°32'W,

60 m (MNHN). Figures 1 13, 1 14.

Bursa sp., Gilbert Id., Aranuka (SMNH 3853). Figures

5, 6, 59, 60.

Bursa sp., larva, Demeraby sla. DS02, 08°10'N, 49°05'W,

4430 m (MNHN). Figures 58, 110-112.

Tonnidae

Tonna sp., larva, off SE South Africa, 33°34'S, 27°41'E,

surface plankton, 10 Oct. 1902 (SMNH 2717). Figures

9, 10, 61, 62, 73, 74.

Tonna galea (L., 1758), Malta (SMNH). Figure 75.

Tonna galea, Macahe, Isla Santa Anna, off Rio de Janeiro,

Brasil (SMNH). Figures 76, 77.

Tonna sp., Tamatave, Madagascar, young specimen

(SMNH 2676). Figure 12.

Tonna allium (Dillwyn, 1817), Sumatra, Priaman (SMNH
474). Figures 13, 14, 49.


